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HOMOGENEOUS ASSAY SYSTEM 

This invoition relates generally to the field of nuddc add chemistry. More 
spedfically, it relates to the use of the 5' to 3' nudease activity of a nocldc add 

degrade 



5 labeled oligonucleotide and a target oligonucleotide sequence and forai detectable 
labeled fragments. 

Investigational nnaobidogical techniques are routinely applied to diagnostic 
assays. For example, U.S. Patent No. 4.358,535 discloses a method for detecting 
patiiogens by string a sample (e.g., blood, cells, saliva, etc.) on a filter (e.g., 
1 0 nitrocellulose), lysing die cells, and fixing Ae DNA tfirough chemical denaturation and 
heating. Then, labeled DNA probes are added and allowed to hybridize witfi the fixed 
sample DNA, hybridization indicating die presence of die patiiogen's DNA. The 
sample DNA in tiiis case may be amplified by culturing die cells or organisms in place 
on the filter. 

15 A significant improvement in DNA amplification, die polymerase chain reaction 

(PGR) technique, is disclosed in U.S. Patent Nos. 4,683,202; 4,683,195; 4,800,159; 
and 4,965,188. In its sinaplest form, PGR is an in vitro method for the enzymatic 
syndiesis of specific DNA sequences, usmg two oligonucleotide primers diat hybridize 
to qiposite strands and flank the region of interest in the target DNA. A repetitive 

20 series of reaction steps involving template denaturation, primer annealing, and the 
extension of die annealed primers by DNA polymerase results in die expcmential 
accumulation of a specific fragment whose termini arc defined by die 5* ends of the 
primers. PGR is capable of producing a selective enrichment of a specific DNA 
sequence by a factor of 109, ' The PGR mediod is also described in Saiki SL 1985, 

25 Science 230 :1^50 

Detection mediods generally employed in standard PGR techniques use a 
labeled probe widi die amplified DNA in a hybridization assay. For example, EP 
Publication No. 237,362 and PGT Publication No. 89/1 1548 disclose assay mediods 
wherein die PGR-amplified DNA is first fixed to a filter, and dien a specific 

30 oligonucleotide probe is added and allowed to hybridize. Preferably, die probe is 
labeled, e.g., widi 32p, biorin, horseradish peroxidase (HRP), etc., to allow for 
detection of hyteidization. The reverse is also suggested, tiiat is, die probe is instead 
bound to the membrane, and die PGR-amplified sample DNA is added. 

Odier means of detection include the use of firagn^t length polymorphism 

35 (PCR-ELP), hybridization to allele-specific oligonucleotide (ASO) probes (Saiki £t al.. 
1986, Maaiffi 224: 163), or direct sequencing via die dideoxy mediod using amplified 
DNA radicr dian cloned DNA. The standard PGR technique operates essentially by 
replicating a DNA sequence positioned between two primers, providing as die major 
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product of die reaction a DNA sequence of discrete length terminating with the primer at 
the 5* end of each strand Thus, insertions and deletions between the primers result in 
product sequences of different lengths, which can be detected by sizing the product in 
PCR-ELP. In an example of ASO hybridization, die amplified DNA is fixed to a nylon 
5 fOxsr (by, for example, UV irradiation) in a series of "dot blots", tiien allowed to 
hybridize witii an oligonucleotide probe labeled with HRP under stringent conditions. 
After washing, tetramethylbrazidine (TMB) and hydrogen peroxide are added: HEIP 
catalyzes ±e hydrogen peroxide oxidation of TMB to a soluble blue dye tiiat can be 
precipitated, indicating hybridized probe. 

10 While die PGR technique as presentiy practiced is an extremely powerful 

mediod for amplifying nucleic acid sequences, die detection of die amplified mateial 
requires additional manipulation and subsequent handling of the PGR products to 
determine whedier the target DNA is present It would be desirable to decrease the 
number of subsequent handling steps currentiy required for the detection of anq)lified 

15 material. A "homogeneous" assay system, that is, one which generates signal while die 
target sequence is amplified, requiring mmimal post-amplification handling, would be 
ideal. 

The present invention provides a process for the detection of a target nucldc 
acid sequence in a sample, said process ccnnprising: 

20 (a) contacting a sample con[q)rising single-stranded nucleic acids with an 

oligonucleotide containing a sequence complonentary to a region of the target nucleic 
add and a labeled oligonucleotide containing a sequence complraientary to a second 
region of the same target nucleic arid strand, but not including the nucleic add 
sequence defined by the first oligonucleotide, to create a mixture of duplexes during 

25 hybridization conditions, whCTein the duplexes comprise the target nucldc add 

annealed to the first oligonucleotide and to die labeled oligonucleotide such that the 3' 
end of die first oligonucleotide is adjacent to die 5' end of die labeled oligonucleotide; 

(b) maintaining the mfacture of step (a) widi a template-dependent nucleic add 
polym^ase having a 5* to 3' nuclease activity under conditions suffident to permit the 

30 5* to 3' nuclease activity of die polymerase to cleave die annealed, labeled 
oligonucleotide and release labeled fingmrats; and 

(c) detecting and/or measuring the release of labeled fragments. 

This process is especially suited for analysis of nucleic add amplified by PGR. 
This process is an improvement over known PGR detection methods because it allows 
35 for both amplification of a target and die release of a label for detection to be 

accomrplished in a reaction system without resort to multiple handling steps of the 
amplified product Thus, in anodier embodiment of die invention, a polymerase chain 
reaction anq)lification method for concurrent amplification and detection of a target 
nucleic acid sequence in a sample is provided. This method comprises: 
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(a) providing to a PGR assay containing said sample, at least one labeled 
oligonucleotide containing a sequence conq)Ienientaiy to a region of the target nucleic 
add, wherein said labeled oligonucleotide anneals within the target nucleic acid 
sequence bounded by the oligonucleotide primers of step (b); 
5 (b) providing a set of oligonucleotide primers, wherein a first primer contains 

a sequence complementary to a legion in one strand of the target nucleic acid sequence 
and primes the syndiesis of a complementaiy DNA strand, and a second primer 
contains a sequence complementary to a region in a second strand of the target nucleic 
add sequence and primes die synthesis of a complementary DNA strand; and wherein 
10 each oligonucleotide primer is selected to anneal to its complementary template 
upstream a£ any labded oligonucleotide annealed to the same nucldc acid strand; 

(c) amplifying the target nucldc acid sequence employing a nucleic add 
polymerase having 5' to y nuclease activity as a tenoplate-dependent polymerizing 
agent under conditions ^ch are permissive for PGR cycling steps of (i) annealing of 

IS primers and labded oligonucleotide to a template nucldc add sequence contained within 
the target region, and (ii) extending die primer, wherein said nucleic acid polymerase 
syntiiesizes a primer extension product while the 5* to 3' nuclease activity of the nucleic 
add polymerase simultaneously releases labeled fragments from the annealed duplexes 
comprising labded oligonucleotide and its complementary tenq)late nudeic add 

20 sequences, tiiereby creating detectable labeled fragments; and 

(d) detecting and/or measuring the release of labeled fragments to detemdine 
the presence or absence of target sequence in the sample. 

Figure 1 is an autoradiograph of a DEAE cellulose thin layer chrcMnatography 
(TLC) plate illustrating the release of labeled fragments fixxn cleaved probe. 
25 Hgure 2 is an autoradiograph of DEAE cellulose TLC plates illustiating die 

thermostability of the labeled probe. 

Figures 3A and 3B are autoradiographs of DEAE cellulose TLC plates showing 
that the amount of labeled probe fragment released correlates with an increase in PCR 
cycle number and starting teniplate DNA concentration. 
30 Figure 4 illustrates die polymerization independent 5 - 3* nuclease activity of 

Jsg^ DNA polymerase shown in the autoradiograph using a series of primers which 
anneal from zero to 20 nucleotides upstream of the probe. 

Figure S is an autoradiograph showing the rdease of labeled probe fragments 
under increasinii incubation temperatures and time, wherein the compositicm at the 5* 
35 end of the probe is GC rich. 

Hgure 6 is an autoradiograph showing die release of labeled probe fi:agments 
under increasing incubation tenq)eratures and time, wherein the composition at the 5' 
end of die probe is AT rich. 
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Figure 7 provides 5% acrylamide electrophoresis gel analysis of a 142 base pair 
HIV product, amplified in the presence or absence of labeled probe. 

Figure 8 is a composite of two autoradiogr^hs of TLC analysis of aliquots of 
PCR arnplification products which show that radiolabel release occurs and increases in 
5 amount with both increases in starring template and with longer thOTnocycIing- 

Figure 9 is a schematic for a reaction in which an NHS-acrive ester derivative of 
biotin is added to the S'-amine of an oligonucleotide probe. 

Hgure 1 0 is a schemadc for a reactioa in which a biotin hy drazide is used to 
label an oligonucleotide probe diat has a S'-ribonudeodde. 
10 Figure 11 is a schematic for labeling an oligonucleotide probe with biotin using 

a biotin phosphoramidite. 

Figure 12 shows a reagents for labeling oligonucleotide probes with biotin. 

Figure 13 shows an oligonucleotide probe labeled with rhodamine-X-590 and 
crystal violet 

15 Figure 1 4 shows a schematic for a reaction to generate an active acyl azide of 

crystal violet 

Figure 15 shows a schematic for a reaction to add an amine to a thymidine for 
use in conjugating a label to an oligonucleotide probe. 

Figure 16 shows ^ical results and relation of signal to input target number for 

20 the present method using Bakerbond™ PEI solid phase extractant 

As used herem, a "sample" refers to any substance containing or presumed to 
contain nucleic add and includes a sample of tissue or fluid isolated ficom an individual 
or individuals, including but not limited to, for example, skin, plasma, semm, spinal 
fluid, lymph fluid, jovial fluid, urine, tears, blood cells, organs, tumors, and also to 

25 samples of ifl vitro ceD culture constituents Oncluding but not limited to conditioned 
medium resulting fix>m the growth of cells in cdl culture medium, recombiaant cells 
and cell components). 

As used herein, die terms "nucleic acid", "polynucleotide" and 
"oligonucleotide" refer to primers, probes, oligomer fragments tabe detected, oligomer 

30 controls and unlabeled blocking oligomers and shall be generic to 

polydeoxyribonucleotides (containing 2-deoxy-D-ribose), to polyribonucleotides 
(contairung D-ribose), and to any otiier ^e of polynucleotide which is an N-glycoside 
of a purine or pyrimidine base, or modified purine or pyrimidine bases. There is no 
intended distinction in length between die term "nucleic acid", "polynucleotide" and 

35 "oligonucleotide", and tfiese terms will be used interchangeably. Itese tenns refer 
only tt> the primary structure of the molecule. Thus, these terms include double- and 
single-stranded DNA, as well as double- and single-stranded RNA. The 
oligonucleotide is comprised of a sequence of approximately at least 6 nucleotides, 
preferably at least about 10-12 nucleotides, and more preferably at least about 15-20 
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nucleotides corresponding to a region of the designated nucleotide sequence. 
"Corresponding" means identical to or complementary to the designated sequence. 

The oligonucleotide is not necessarily physically derived from any existing or 
namral sequence but may be generated in any manner, including chemical synthesis, 
5 DNA replication, reverse transcription or a combination thereof. The terms 

"oligonucleotide" or "nucleic acid" intend a polynudeoude of genomic DNA or RNA, 
cDNA, sonisynthetic, or synthetic origin which, by virtue of its origin or manipulation: 
(1) is not associated with all or a portion of the polynucleotide with which it is 
associated in nature; and/or (2) is linked to a polynucleotide other than that to which it is 

10 linked in nature; and (3) is not found in nature. 

Because mononucleotides are reacted to make oligonucleotides in a manner such 
tiiat the 5' phosphate of one mononucleotide pentose ring is attached lo die 3' oxygen 
of its neighbor in one direction via a phosphodiester linkage, an end of an 
oUgonucleotide is refcned to as the "5' end" if its 5* phosphate is not linked to die 3' 

15 oxygen of a mononucleotide pentose ring and as die "3* end" if its 3* oxygen is not 
linked to a 5' phosphate of a subsequent mononucleotide pentose ring. As used herein, 
a nucleic acid sequence, even if internal to a larger oligonucleotide, also may be said to 
have S* and 3' ends. 

When two different, iion-overlapping oligonucleotides anrieal to different 

20 regions of die same linear complementary nucleic acid sequence, and die 3' end of one 
oligonucleotide points toward die 5' end of die otiier, die former may be called die 
"upstream" oligonucleotide and die latter die "downstream" oligonucleotide. 

The term "primer" may refer to more than one primer and refers to an 
oligonucleotide, whedier occurring naturally, as in a purified restriction digest, or 

25 produced syndietically, which is capable of acting as a point of initiaticm of syndiesis 
along a complementary strand when placed under conditions in which syndiesis of a 
primCT extension product which is complementary to a nucleic acid strand is catalyzed. 
Such conditions include die presence of four different deoxyribcHiucleoside 
triphosphates and a polymerization-inducing agent such as DNA polymerase or reverse 

30 transcriptase, in a suitable buffer ("buffer" includes substituents which are cofactors, or 
which affect pH, ionic strengdi, etc.), and at a suitable temperature. The primer is 
preferably single^stranded for maximum efficiency in arrq)lification. 

The complement of a nucleic acid sequence as used heran refers to an 
oligonucleotide which, when aligned widi die nucleic add sequence such uiv.t die 5' end 

35 of one sequence is paired widi the 3' end of die odier, is in "antiparallel association." 
Certain bases not commonly found in natural nucleic adds may be included in the 
nucldc adds of the present invention and include, for exarxiple, inosine and 
7-deazaguanine. Coniplementarity need not be perfect; stable duplexes may contain 
mismatched base pairs or unmatched bases. Those skilled in die art of nucleic acid 
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technology can deteraiine diq)lex stability empirically considering a number of variables 
including, for example, die lengdi of die oligonucleotide, base composition and 
sequence of die oligonucleotide, ionic strengdi, and incidence of mismatched base 
pau^. 

5 Stability of a nucleic acid di^lex is measured by die melting temperature, or 

"Tm." The Tm of a particular nucleic acid duplex under specified conditions is the 

temperature at which half of die base pairs have disassociated. 

As used herein, the term "target sequence" or "target nucldc acid sequence" 
refers to a region of die oligonucleotide which is to be eidier amplified, detected or 
10 both. The target sequence resides between the two primer sequences used for 

anq>Iification. 

As used herein, die term "probe" refers to a labeled oligonucleotide which 
forms a duplex stracture with a sequence in die target nucleic add, due to 
complementarity of at least one sequence in die probe with a sequence in die target 

15 region. The probe, preferably, does not contain a sequence complementary to 

sequence(s) used to prime die polymerase chain reaction. Generally die 3* terminus of 
die probe will be "blocked" to prohibit incorporation of die probe into a primer 
extension product "Blocking" can be achieved by using non-complomentary bases or 
by adding a chemical moiety such as biotin or a phosphate group to the 3' hydroxyl of 

20 the last nucleotide, which may, depending upon the selected mdety, serve a dual 

purpose by also acting as a label for subsequent detection or capture of die nucleic acid 
attached to die label. Blocking can also be achieved by removing die 3 '-OH or by 
using a nucleotide diat lacks a 3*-0H such as a dideoxynudeotide. 

The term "label" as used herein refers to any atom or molecule which can be 

25 used to provide a detectable (preferably quantifiable) signal, and which can be attached 
to a nucleic acid or protein. Labels may provide signals detectable by fluorescence, 
radioactivity, colorimetry, gravimetry. X-ray difBcaction or absorption, magnetism, 

enzymatic activity , and the like. 

As defined herein, "5* 3* nuclease activity" or "5' to 3' nuclease activity" 

30 refers to that activity of a template-specific nucldc acid polymerase including dther a 
5' -4 3* expnuclease activity traditionally assodated with some DNA polymerases 
whereby nucleotides are removed fiom the 5' end of an oligonucleotide in a sequential 
manner, (ie., E. ceM DNA polymerase I has dus activity wh^eas the Klenow firagment 
does not), or a 5' 3* endonuclease activity wherrin cleavage occurs more than one 

35 phosphodiester bond (nucleotide) from the 5' end, or bodi. 

The term "adjacent" as used herein refers tt> die positioning of die piim^ widi 
respect to the probe on its complementary strand of the template nucldc add. The 
primer and probe may be separated by 1 to about 20 nucleotides, more preferably, 
about 1 to 10 nucleotides, or may directiy abut one another, as may be dearable for 
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detection with a polymerization-independent process. Alternatively, for use in the 
polymerizadon-dependrat process^ as when the present method is used in the PGR 
amplification and detection methods as taught herein, the ''adjacency*' may be anywhere 
within the sequmce to be arrtplified, anywhere downstream of a primer such that primer 
5 extension will position the polymerase so that cleavage of the probe occurs. 

As used herein, the term "thermostable nucleic acid polymerase" refers to an 
enzyme which is leladvely stable to heat when conq)aied, for exanq)le, to nucleotide 
polymerases from £. £qU and which catalyzes the polymerization of nucleoside 
triphosphates. Generally, die enzyme will initiate synthesis at the 3'-end of the primer 
10 annealed to the target sequence, and will proceed in the S'-direction along the template, 
and if possessing a S' to 3' nuclease activity, hydrolyzing intervening, annealed probe 
to release both labeled and unlabeled probe fragments, until synthesis temiinates. A 
representative thermostable enzyme isolated firan HmmiS aquaricus (Tag) is described 
m U.S. Patent No. 4,889,818 and a method for using it in conventional PGR is 
15 described in Saiki filfl!., 1988. Science 239 :487. 

laa DNA polymerase has a DNA synthesis-dependent, strand replaconent 
5-3* exonuclease activity (see Gelfand, "Jaa DNA Polymerase" in PCR Technology! 
frimnpte aPd Applications f or DNA Amplification. Erlich, Ed., Stockton Press, N. Y. 
(1989), Chapter 2). In solution, tiiere is littie, if any, degradation of labeled 
20 oligonucleotides. 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of molecular biology, microbiology and recombinant DNA 
techniques, which are within die skill of the art. Such techniques are explained fully in 
die literanire. SSE, Samhrook, Fritsch & Maniatis. Molecular Cloning! A 
25 MKimry MaflmK Second Edition (1989); Oliponuclcoride Synthesis (MJ. Gait, ed., 
1984); Nucleic Acid Hvbridizarion (B.D. Hames & S J. Higgins, eds., 1984); A 
Practical Guide to Molecular aoning (B. Pcrbal, 1984); and a series. Methods in 
Enzvmology (Academic Press, Inc.). All patents, patent applications, and publications 
mentioned herein, both sSMi and are hereby incorporated by reference. 
30 The various aspects of die invention are based on a special property of nucleic 

acid polymerases. Nucleic acid polymerases can possess several activities, among 
them, a 5' to 3' nuclease activity whereby the nucleic add polymerase can cleave 
mononucleotides or small oligonucleotides from an oligCHiucleotide annealed to its 
larger, complementary polynucleotide. In order for cleavage to occur efficientiy, an 
35 upstream oligonucleotide must also be annealed to ths same larger polynucleotide. 

The 3' end of this upstream oligonucleotide provides the initial binding site for 
the nucleic acid polymerase. As soon as die bound polymerase encounters die 5* end 
of the downstream oligonucleotide, die polymerase can cleave mononucleotides or 
small oligonucleotides therefrom. 
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The two oligonucleotides can be designed such that they anneal in close 
pioxnmty on ±t coii5)l«nentaiy target nucleic acid such that binding of the nucleic acid 
polymerase to the 3' aid of flie upstream oligonucleotide automatically puts it in contact 
with the 5* end of the downstream oligonucleotide. This process, because 
5 polymerization is not required to bring the nucldc acid polymCTase into position to 
accomplish ttie cleavage, is called **polymaization-independent cleavage.'* 

Alternatively, if tiie two oligonucleotides anneal to more distandy spaced 
regions of the template nucleic add target, polymerization must occur before die nucleic 
acid polymerase encounters the 5* end of the downstream oligonucleotide. As the 

10 polymmzation continues, die polymerase progressivdy cleaves mononucleotides or 
small oligonucleotides from die 5' end of die downstream oligonucleotide. This 
cleaving continues until the remainder of die downstream ohgonucleotide has been 
destabilized to the extent diat it dissodates horn the template molecule. Hus process is 
called '"polymerization-dependent deavage." 

15 In die present invention, a labd is attached to die downstream oligonucleotide. 

Thus, die cleaved mononucleotides or small oligonucleotides which are cleaved by die 
5-3' nuclease activity of the polymerase can be detected. 

Subsequentiy, any of several strategies may be employed to distinguish die 
uncleaved labeled oligonucleotide from die cleaved fragments thereof. In this manner, 

20 die present invention permits identification of those nucleic acid san:q)les which contain 
sequences complementary to the upstream and downstream oligonucleotides. 

The present invention exploits tiiis 5' to 3' nuclease activity of die polymerase 
when used in conjmiction with PGR. This differs from previously described PGR 
amplification wherein die post-PCR BxnpMed target oligonucleotides are detected, for 

25 exao^le, by hybridization widi a probe which forms a stable duplex widi diat of die 
target sequence under stringent to moderately stringent hybridization and wash 
conditions. In contrast to those known detection methods used in post-PCR 
amplifications, the present invention permits die detection of the target nucleic arid 
sequences during amplification of this target nucleic add. In die present invention, a 

30 labded oligonucleotide is added concomiiandy widi the primer at die start of PGR, and 
die signal generated from hydrolysis of die labeled nucleotide(s) of the probe provides 
a means for detection of die target sequence during its amplification. 

The present invration is compatible, however, with other an^lification 
systems, such as the transcription amplification system, in which one of die PGR 

35 primers encodes a promoter diat is used to make RNA copies of die target sequence. In 
similar fashion, the present invention can be used in a self-sustained sequence 
replication (3SR) system, in which a variety of enzymes are used to make RNA 
transcripts that are then used to make DNA copies, all at a single tonperature. By 
incorporating a polymerase witii 5' 3* exonuclease activity into a ligase chain 
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reaction (LCR) system, together ^th appropriate oligonucleotides, one can also 
employ the present invention to detect LCR products. 

Of course, the present invention can be applied to systems that do not involve 
amplification. In fact, the present invention does not even require that polymerization 
5 occur. One advantage of the polyineriaation-independent process lies in the elimination 
of the need for anq)lification of the target sequence. In the absence of primer extension, 
the target nucldc acid is substantially single-stranded. Provided the primer and labeled 
oligonucleotide are adjacently bound to the target nucleic add, sequential rounds of 
oligonucleotide annealing and cleavage of labded fragments can occur. Thus, a 
10 suffident amount of labeled fragments can be generated, making detection possible in 

« 

the absence of polymerization. As would be appreciated by those skilled in the art, the 
signal generated during PCR amplification could be augmented by this 
polymerization-independent activity. 

In either process described herein, a sample is provided which is suspected of 

IS containing the particular oligonucleotide sequence of interest, tiie "target nucleic add". 
The target nucldc add contained in the sample may be first reverse transcribed into 
cDNA, if necessary, and then denatured, using any suitable denaturing method, 
including physical, chemical, or enzymatic means, which are known to those of skill in 
the art A prefemd physical means for strand separation involves heating the nudeic 

20 add until it is completely (>99%) denatured. Typical heat denaturation involves 
temperatures ranging fiom about 80*C to about 10S*C, tot times ranging from a few 
seconds to minutes. As an alternative to denaturation, the target nucleic acid may exist 
in a single-stranded form in tiie sample, such as, for exarnple, single-stranded RNA or 
DNA viruses. 

25 The denatured nucleic acid strands are tiien incubated with preselected 

oligonucleotide primos and labeled oligonucleotide (also refeired to herein as "probe") 
under hybridization conditions, conditions which enable the binding of the primers and 
probes to the single nucleic add strands. As known in die art, the primers are selected 
so that thdr relative positions along a duplex sequence are such that an extension. 

30 product synthesized from one primer, when the extension product is separated fiom its 
template (complement), serves as a template for the extension of the otiier primer to 
yield a replicate chain of defined length. 

Because the complementary sr. onds are longer than dther the probe or primer, 
the strands have more points of contac; and thus a greater chance of finding each other 

35 over any given period of time. A high molar excess of probe, plus the primer, helps tip 
the balance toward primer and probe annealing rather than template reannealing. 

The primer must be suffidendy long to prime the synthesis of extension 
products in the presence of the agent for polymerization. The exact length and 
composition of the primer will depend on many factors, including traiperatuie of the 
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annealing reaction, source and conxposition of the primer, proximity of the probe 
annealing site to the primer annealing site, and ratio of primenprobe concentration. For 
exaizq>le, depending on the complexity of the target sequence, the oligonucleotide 
primer Q^ically contains about 15-30 nucleotides, although a primer may contain more 
5 or fewer nucleotides. The primers must be sufBdentiy conqplementaiy to anneal to 
their respective strands selectively and form stable duplies. 

The primers used herein are selected to be "substantially" coniplementaiy to tiie 
different strands of each spedfic sequence to be aixq)lified. The primers need not 
reflect the exact sequence of the template, but must be sufGdentiy complementary to 

10 hybridize selectively to tiieuriespective strands. Non-complementary bases or Irager 
sequences can be interspersed into the primer or located at the ends of the primer, 
provided the primer retains sufGdent complementariQr with a template strand to form a 
stable duplex herewith. The non-complementary nucleotide sequences of the primers 
may include restriction enzyme sites. 

15 In the practice of the invention, die labded oligonucleotide probe must be first 

annealed to a complementary nucleic add before the nucldc add polyrnerase encounters 
this duplex region, thereby permitting the 5' to 3* nuclease activity to cleave and release 
labeled oligonudeotide fi:agm»ts. 

To enhance the litelihood that the labded oligonucleotide will have annealed to 

20 a complementary nucldc add before pnimer extension polymerization reaches tiiis 

diqplex region, or before the polymerase attaches to the upstream oligonucleotide in die 
polymerization-independent process, a variety of techniques may be en^loyed. For the 
polymerization-depradent process* one can position the probe so that the 5'-md of the 
probe is relatively far from the 3'-end of the primer, thereby giving the probe more time 

25 to anneal before primer ^omsion blocks the probe binding site. Short primer 
molecules generally require lower temperatures to form sufGdentiy stable hybrid 
complexes with the target nucleic acid. Therefore, the labeled oligonucleotide can be 
designed to be longer than the prinier so that die labded oligonudeotide anneals 
preferentially to the target at higher temperatures relative to primer aimealing. 

30 One can also use primers and labded oligonucleotides having differential 

th^mal stability. For example, the nucleotide composition of the labded 
oligonucleotide can be chosen to have grea^ G/C content and, consequentiy, greater 
thermal stabiliQr dian the primer. In similar fashion, one can incorporate modified 
nucleotides into the probe, which modified nucleotides contain base analogs that form 

35 more stable base pairs than the bases that are ^ically present in naturaUy occurring 
nucldc adds. 

Modifications of the probe that may facilitate probe binding prior to primer 
binding to maximize the efficiency of Ae present assay include die incorporation of 
positively charged or neutral phosphodiester linkages in the probe to decrease the 
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repulsion of the polyanionic backbones of the probe and target (see Letsingerst 
1988, 1. Ama- £b£m. Ui2:4470); the incorporation of alkylated or halogenated 
bases, such as 5-bromouridine, in the probe to increase base stacking; the incorporadon 
of ribonucleotides into the probe to force the probe:target duplex into an "A" structure, 
which has increased base stacking; and the substitution of 2,6-diaminopurine (amino 
adenosine) for some or all of the adenosines in the probe. In preparing such modified 
probes of the invention, one should recognize tiiat die rate limiting step of duplex 
foraiarion is "nucleation," the fbrmatira of a single base pair, and tiiercforc, altering die 
biophysical characteristic of a portion of the probe, for instance, only the 3' or 5* 
terminal portion, can suffice to achieve die desired result In addition, because die 3' 
terminal portion of die probe (the 3' terminal 8 to 12 nucleotides) dissociates following 
exonuclease degradation of the 5* terminus by die polymerase, modifications of die 3* 
terminus can be made widiout concern about interference witii polymerase/nuclease 
activity. 

The thermocycling parameters can also be varied to take advantage of die 
differential tiiennal stability of the labeled oligcMiucleotide and primer. For example, 
following die denaturation step in diermocycling, an intemoediate temperature may be 
introduced which is 



dssible for labeled oligonucleotide binding but not primer 
binding, and dien die temperature is f urdier reduced to permit primer annealing and 
extension. One should note, however, that probe cleavage need only occur in later 
cycles of die PGR process for suitable results. Thus, one could set up the reaction 
ntixture so tiiat even diough piincns initially hind preferentially to probes, primer 
concentration is reduced dirough primer extension so tiiai, in latw cycles, probes bind 
preferentially to primers. 

To favor binding of die labeled oligonucleotide before die primer, a high molar 
excess of labeled oligonucleotide to prim^ concentration can also be used. In this 
embodiment, labeled oligonucleotide concentrations are typically in die range of about 2 
to 20 times higher dian the respective primer concentration, which is generally 
0.5 - 5 X 10-7 M. Those of skill recognize diat oligonucleotide concentration, lengdi, 
and base composition are each important factors diat affect die T^ of any particular 
oligonucleotide in a reaction mbciure. Eadi of diese factors can be manipulated to create 
a thermodynamic bias to favor probe annealing aver primer annealing. 

The oligonucleotide primers and labeled oligonucleotides may be prepared by 
any suitable method. Mediods for preparing oligonucleotides of specific sequence arc 
known in the art. and include, for example, cloning and restriction of appropriate 
sequences and direct chemical syndiesis. Chemical syndiesis methods may include, for 
example, die phosphotriester mediod described by Narang fit ai., 1979, Methods in 
EnsyPWlpgyM:90, die phosphodiest^ mediod disclosed by Brown £t Mm 1979, 
Mediods in Enzymologv ^:109, die diediylphosphoramidate mediod disclosed in 
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Beaucage gt^., 1981, Tetrahedron Letters 22: 1859> and the solid support method 

disclosed in U.S. Patent No. 4,458.066. 

The composition of the labeled oligonucleotide can be designed to favor 

nuclease activi^ over strand displacement (mono- and dinucleotide fiagments over 
5 oligonucleotides) by means of choice of sequences that are GC-rich or that avoid 

sequential A's and Ts and by choice of label position in the probe. In the presence of 

AT-rich sequences in the 5' complementary probe region, cleavage occurs after the 

approximately fourth, fifth or sixth nucleotide. However, in a GC-rich 5' 

complementary probe region, cleavage generally occurs after tfie first or second 
10 nucleotide. Al^natively, the incorporation of modified phosphodiester linkages (e.g., 

phosphoroduoate or methylphosphonates) in the labeled probe during chemical 

syntiiesis (Noble et al.. 1984. Nuc Acids Res 12:3387-3403: lyereisl., 1990,1. Am. 

Chem , Soc. 112:1253-1254) may be used to prevent cleavage at a selected site. 

Depending on tiie length of the probe, the conq)o^tion of the 5' conq}lementary region 
15 of the probe, and the position of die label, one can design a probe to favor preferentially 

die generation of shcnt or long labeled probe fragments for use in the practice of the 

invention. 

The oligonucleotide is labeled, as described below, by incorporating moieties 
detectable by spectroscopic, photochendcal, biochemical, immunochemical,, or chemical 
20 means. Thp mediod of linking or conjugating the label to the oligonucleotide probe 
depends, of course, on the type of label(s) used and the position of the label on die 
probe. 

A varieQr of labels that would be appropriate for use in the invention, as well as 
methods for their inclusion in the probe, are known in the art and include, but are not 

25 limited to, enzymes (e.g., alkaline phosphatase and horseradish peroxidase) and 
enzyme substrates, radioactive atoms, fluorescent dyes, chromophores, 
chemiluminescent labels, eiectrochemiluminescent labels, such as Qrigen^ (Igen), 
ligands having specific binding partners, or any other labels that may interact with each 
other to enhance, alter, or diminish a signal. Of course, should the PGR be practiced 

30 using a thermal cycler instrument, die label must be able to survive die temperature 
cycling required in this automated process. 

Among radioactive atoms, ^^P is preferred. Methods for introducing 32? into 
nucleic acids are known in the art, and include, for example, 5* labeling with a kinase, 
or random insertion by nick translation. Enzymes are typically dented by their 

35 activity. "Specific binding parmer" refers to a protein capable of binding a ligand 
molecule with high specificity, as for example in the case of an antigen and a 
monoclonal antibody specific therefor. Other specific binding parmers include biotin 
and avidin or streptavidin, IgG and protein A, and the numerous receptor-ligand 
couples known in the art The above descripticm is not meant to categcnize the various 
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labels into distinct classes, as the same label imy serve k For 
cxanq)le, I25i may serve as a radioactive label or as an electron-dense reagent HRP 
may serve as enzyme or as antigen for a monoclonal antibody. Further, one may 
combine various labels for desired effect For exanqjie, one might label a probe with 
5 biotin, and detect the presence of the probe with avidin labeled with I25i, or with an 
anti-biotin monoclonal andbody labeled with HRP. Odier permutations and 
possibilities will be readily apparent to those of ordinaiy skill in dte art and are 
considered as equivalents within the scope of the instant invention. 

Huorophores for use as labels in constructing labeled probes of die invention 

10 include riiodamuie and derivatives, such as Texas Red, fluorescein and dorivatives, 
such as 5-hromomethyl fluorescein, Lucifer Yellow, lAEDANS. 7-Me2N-coumarin-4- 
acctate, 7-OH-4-CH3-coumarin-3-acetate, 7-NH2-4-CH3-coumarin-3-acetate (AMCA), 
monobromobimane, pyrene tnsulfonates, such as Cascade Blue, and 
monobromotrimethyl-ammoniobimane. In general, fluorophores with wide Stokes 

15 shifts are preferred, to aUow using fluorimeters with filters rather than a 
monochromometCT and to increase the efficiency of detection. 

In some situations, one can use two interactive labels on a single 
oligonucleotide with due consideration given for maintaining an appropriate spacing of 
the labels on the oligonucleotide to permit the separation of die labels during 

20 oligonucleotide hydrolysis. Rhodamine and crystal violet arc preferred interactive 
labels. 

In anotiier embodiment of die invention, detection of the hydrolyzed labeled 
probe can be accomplished using, for example, fluorescence polarization, a technique 
to differentiate between large and small molecules based on molecular tumbling. Large 

25 molecules (c.g., intact labeled probe) tumble in solution much more slowly tiian small 
molecules. Upon linkage of a fluorescent moiety to die molecule of interest (e.g., die 
5* end of a labeled probe), this fluorescent moiety can be measured (and differentiated) 
based on molecular tumbling, tiius differentiating between intact and digested probe. 
Detection may be measured dirccdy during PGR or may be performed post PCR. 

30 In yet another embodiment, two labelled oligonucleotides are used, each 

complementary to separate regions of separate strands of a double-stranded target 
region, but not to each otiier, so diat an oligonucleotide anneals downstream of each 
primer. For example, tiie presence of two probes c^ potentially double die intensity of 
the signal generated from a single label and may further serve to reduce product strand 

35 reannealing, as of ten occurs during PC31 amplification. The probes are selected so diat 
die probes bind at positions adjacent (downstream) to die positions at which primers 
bind. 

One can also use multiple probes in the present invention to achieve otiier 
benefits. For instance, one couU test for any number of padiogens in a sample simply 
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by putting as many probes as desired into the reaction mixture; the probes could each 
conpise a different label tt>' facilitate detection. 

One can also achieve allele-spedfic or spedes-specific (Le., specific for the 
different species of Borrelia> the causative agent of Lyme disease) discrimination using 
multiple probes in the present invention, for instance, by using probes diat have 
diffaent TmS and conducting tiie annealing/cleav age reaction at a tonpecatiire specific 
for only one probe/allele duplex. For instance, one can choose a primer pair tiiat 
an5)lifies both HTLVI and HTLVn and use two probes, each labeled uniquely and 
specific for either HTLVI or HTLVIL One can also achieve allele specific 
discrimination by using only a single probe and examining the types of cleavage 

tent of the mvention, tiie probe is designed to be 



products generated. In this 
exactiy coiiq)lementary, at least in the 5' teraainal region, to one allele but not to tiie 
othCT allele(s). With respect to die other allele(s), die probe will be mismatched in the 
5' terminal region of the probe so that a differrat cleavage product will be generated as 
conq>ared to the cleavage product generated when die probe is hybridized to the exactiy 

complemratary allele. 

Although probe sequence can be selected to achieve important benefits, one can 
also realize important advantages by selection of probe label(s)> The labels may be 
attached to the oligonucleotide direcdy indirectiy by a variety of techniques. 
Depending on the precise type of label used, the label can be located at the 5' or 3' end 
of the probe, located internally in die probe, or attached to spacer arms of various sizes 
and compositions to facilitate signal interactions. Using commercially available 
phosphoramidite reagents, one can produce oligomers containing functional groups 
(e.g., thiols or primary amines) at eitiier the 5' or the 3' terminus via an appropriately 
protected phosphoramidite, and can label them using protocols described in, for 
example, PCR Protocols: A Guide to Methods and Applications (bans SL Mm eds. 

Academic Press, Inc., 1990). 

Methods for intrcxiucing oligonucleotide fiinctionalizing reagents to intrcxluce 
one or more sulfhydryl, amino or hydroxyl moieties into die oligonucleotide probe 
sequence, typically at the 5' terminus, are described in U.S. Patent No. 4,914,210. A 
5' phosphate group can be introduced as a radioisotope by using polynucleotide kinase 
and gamma-32p*ATP to provide a reporter group. Biotin can be added to the 5* end by 
reacting an aminothyxnidine residue, or a 6-amino hexyl residue, introduced during 
synthesis^ with an N-hydroxysucdnimide ester of biotin. Labels at the 3' ^rminus 

ie^, such as for 



may en:q)loy polynucleotide termmal transferase to add the desii 
example, cordycepin 35S-dATP, and biotinylated dUTP. 

Oligonucleotide d^vatives are also available labels. For exan^le, etheno-dA 
and etheno-A are known fluorescent adenine nucleotides that can be incorporated into 
an oligonucleotide probe. Similarly, etheno^C or 2-amino purine deoxyriboside is 
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another analog that could be used in probe synthesis. The probes containing such 
nucleotide derivatives may be hydiolyzed to release much more strongly fluozescent 
mononucleotides by the 5' to 3* nuclease activity as DNA polymerase extends a primer 
during PGR. 

S Template-dependent extension of the oligonucleotide primer(s) is catalyzed by a 

polymerizing agmt in the presence of adequate amounts of iht four 
deoxyribonucleoside triphosphates (dATP, dGTP, dCTP. and dTTP) or analogs as 
discussed above, in a reaction medium comprised of the appropriate salts, metal 
cations, and pH buffering system. Suitable polymerizing agents arc enzymes known to 
10 catalyze primer- and template-dependent DNA syntiiesis and possess the 5* to 3' 
nuclease activity. Known DNA polymerases include, for example, £» £qU DNA 
polymerase I. Thermus thermophilus (J^ DNA polymerase, Bacillus 
StemPthgrrnQphilus DNA polymerase, Thermococcus litoralis DNA polymerase, and 
Ihgnnws aqwariCBS rrag) DNA polymerase. The reaction conditions for catalyzing 
15 DNA syntiiesis witii tiiese DNA polymerases are well known in die art To be useful in 
die present invention, die polymerizing agent must efiBdentiy cleave die oligonucleotide 
and release labeled fragments so diat die signal is directiy or indircctiy generated. 

Hie prcxiucts of the synthesis are duplex molecules consisting of die template 
strands and the primer extension strands, which include the target sequence. 
20 Byproducts of this synthesis arc labeled ohgonucleotide fragments that consist of a 
mixture of mono-, di- and larger nucleotide fragments. Repeated cycles of 
dmaturation, labeled oligonucleotide and primer annealing, and primer extension and 
cleavage of the labeled oligonudeotide result in the e3qx)nential accumulation of die 
target region defined by the primers and die exponential generation of labeled 
25 fragments. Suffident cycles arc run to achieve a detectable spedes of label, which can 
be several orders of magnitude greater dian background signal, aldiough in common 
practice such high ratios of signal to noise may not be achieved or desired. 

In a preferred method, the PGR process is carried out as an automated process 
that utilizes a thermostable enzyme. In this process die reaction mixture is cycled 
30 through a denaturing step, a probe and primer annealing step, and a synthesis step, 
whereby cleavage and displacement occurs simultaneously with prim^-dependent 
template extension. A DNA diermai cycler, such as the commerdally available 
machine from Perkin-Elmer Cetus Instruments, which is specifically designed for use 
with a thermostable enzyme, may be employed. 
35 Temperature stable polymerases arc preferr^ in tins automated process, 

because die preferred way of denamring die double stranded ^tension products is by 
exposing diem to a high temperamrc (about 95'C) during die PGR cycle. For example, 
U.S. P^nt No. 4,889,818 discloses a representative thermostable enzyme isolated 
from Thermus aquaricus. Additional representative temperature stable polymerases 
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include, e.g., polymerases extracted firom the thermostable bact^ Th^ys flavug, 
Thermus ruben Thermus thermophflus. Bacillus yB^Thptnophilus (which has a 
somewhat lower temperature optimum than the others listed), Thermus lacte^s, 

Thermus Tubens. Thftrmntnp maritfana. Thermncnccus litoralis. and Methanothermus 
5 fervidus . 

Detection or verification of the labeled oligonucleotide ftagmwits may be 
accon^Iished by a variety of methods and may be dependwit on the source of the label 
or labels en^itoyed. One convenient embodiment of the invention is to subject the 
reaction products, including the cleaved labeled fragments, xo size analysis. Methods 

10 for determining the size of the labeled nucleic acid fragments are known in the art, and 
include, for example, gel electrophoresis, sedimentation in gradients, gel exclusion 
chromatography and homochromatography. 

During or after amplification, separation of the labeled fragments from the PGR 
mixture can be accomplished by, for example, contacting the PGR mixture widi a solid 

15 phase extractant (SPE). For example, materials having an ability to bind 

oligonucleotides on the basis of size, charge, or interaction witii tixe oligonucleotide 
bases can be added to the PGR mixture, under conditions where labeled, uncleaved 
oligonucleotides are bound and short, labeled fiugments are not Sudi SPE materials 
include ion «change resins or beads, such as the commercially available binding 

20 particles Nensorb O^uPont Ghemical Go.), Nucleogen (The Nest Group), PEI, 
BakerBond™ PEI, Amicon PAE 1,000, Selectacel™ PEI, Boronate SPE with a 3'- 
ribose probe, SPE containing sequences complementary to the 3 '-end of the probe, and 
hydroxyl^atite. In a specific embodiment, if a dual labeled oligonucleotide comprising 
a 3* biotin label separated from a 5' label by a nuclease susceptible cleavage site is 

25 employed as the signal means, tiie PGR amplified mbcture can be contacted with 
mataials containing a specific binding partner such as avidin or streptavidin, or an 
antibody or monoclonal antibody to biotin. Such materials can include beads and 
particles coated with specific binding partners and can also include magnetic particles. 
Following the step in which die PGR mbcture has been contacted witii an SPE, 

30 the SPE material can be removed by filtration, sedimentation, or magnetic attraction, 
leaving tiie labded fragments free of uncleaved labeled oligonucleotides and available 
for detection. 

Reagents employed in the methods of the invention can be packaged into 
diagnostic kits. Diagnostic kits include the labeled oligonucleotides and the primers in 
35 separate containers. If the oligonucleotide is unlabeled, the specific labeling reagents 
may also be included in die kit The kit may also contain other suitably packa ;^ed 
reagents and materials needed for amplification, for example, buffers, dNTPs, and/or 
polymerizing means, and for detection analysis, for example, enzymes and solid phase 
extractants, as well as instructions for conducting the assay. 
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The exanq)Ies presented below are intended to be illustxative of the various 
methods and compounds of the invention. 

Example 1 

PCR Prohe Label Releasft 
5 A PGR amplification was pafonned which liberated the 5' 32p-iabcled end of a 

complementary probe when specific intended product was synthesized. 

A. Labeling of probe witii gamma-32p-ATP and polynucleotide kinase 

Ten pmol of each probe (BW31, BW33, BW35. sequences provided below) 
were individually mixed with fifteen units of T4 polynucleotide kinase (New England 

10 Biolabs) and 15.3 pmol of gamma-32p-ATP (New England Nuclear. 3000 Ci/mmol) in 
a 50 jil reaction volume containing 50 mM Tris-HCi, pH 7.5, 10 mM MgCb, 5 mM 
ditiiiothieitol, 0.1 mM spermidine and 0.1 mM EDTA for 60 minutes at 3TC The total 
volume was then phenol/chloroform extracted, and edianol precipitated as described by 
Sambrook £t al.. Molecular Cloninp, Second Edition (1989). Probes were 

15 resuspended in 100 fil of TE buffer and run over a Sephadex G-50 spin dialysis 
column to remove uninccMporated gamma-32p-ATP as taught in Sambrook si al-, 
SisSS^ '^CA precipitation of the reaction products indicated the following specific 
activities: 

BW31: 1.98 X 106 cpmAnnol 
20 BW33: 2.54 x 106 cpm/pmol 

BW35: 1.77 x 106 cpm/pmol 
Final concenirarion of all three probes was 0. 10 pmol/Ml. 

B. Amplification 

The aixplified region was a 330 base pair product from the bacteriophage 
25 M13mpl0w directed by primers BW36 and BW42. The region of each numb«ed 
primer sequence designated herein, follows standard M13 nucleodde sequence usage. 
SEQIDNOrl BW36= 5' 5241-5268 3' 

5*-CajATAGTTTGAGTTCTTCTACrCAGGC-3' 
SEQIDN0:2 BW42= 5' 5591-5562 3' 

30 5*-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 

Huee different probes were used; each contained the 30 base exactly 
complementary sequence to M13mplOw but difiered in the lengths of 
non-complementary 5' tail regions. Probes were synthesized to have a 3'-P04 instead 
of a 3'-OH to block any extension by Jag polymerase. 

35 SEQ ID NO: 3 BW31 = 5* 5541-5512 3' 

5'-*CGCTGCGCGTAACCACCACACCCGCCGCGCX-3' 
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SEQ1DN0:4 BW33= 5' 5541-5512 3' 

5'>gatCX3CTGCGGX5TAACCACCACACCCGCCGCCGCGCX«3' 

SEQIDN0:5 BW35= 5* 5541-5512 3' 

5'-*cgtcaccgat<XCTX3CGa3TAACCACC^ 

5 X = 3 -phosphate 

a,t,g,c, = bases non-complementary to template strand 

*= gamma 32P-ATP label 

For amplification of the 350 bp ftagment, 10-3 pmol of target M13mplOw 
sequence were added to a 50 fxl reaction volume containing 50 mM KCl, 
10 10 mM Tiis-HQ, pH 8.3. 3 mM MgQ^ 10 pmol each of primers BW36 and BW42, 
200 ^M each of the four deoxyribonucleoside triphosphates, 1.25 units Jaa DNA 
polymerase, and either 1 , 10 or 20 pmol of isotopically diluted probe B W3 1 , B W33 or 
B W35. The amount of radiolabeled probe was held constant at 0.4 pmol per reaction 
and diluted to 1 , 10 or 20 pmol with nonradioactive probe. polymerase was added 
15 at 4 ^il per reaction at 0.3125 U/^1 and diluted in 10 mM Tris-HQ, pH 8.0, 50 
mM KCU 0.1 mM EDTA, 0.5% NP40, 0.5% Tween 20, and 500 ^g/ml gelatin. 

A XDBSter reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, both primers and enzyme. From this master mix 
aliquots were taken and to tiiem were added template and various concentrations of each 
20 probe. Control reactions consisted of adding all reaction coxxiponents exc^t template, 
and all reaction components except probe. Each reaction mixture was overlayed wifli 
50 ^1 of mineral oil to prevent evaporation, microcentrifuged for 45 seconds, and then 
placed intt) a thermal cycler. Reaction mixtures were subjected to the following 
amplification scheme: 
25 Rfteen cycles: 96°C denaturation, 1 min 

60°C anneal/extension, 1.5 min 
One cycle: 96^ C denaturation, 1 min 

60° C anneal/extension, 5.5 min 
After cycling, the mineral oil was extracted with 50 nl of chlorofom, the mixtures w^e 
30 stored at 4°C, and the following tests were peifomied 

C. Analysis 

For aCTylamide gel analysis, 4 ^il of each amplification reaction were mixed with 
3 of 5X gel loading mix (0.125% bromophenol blue, 12.5% FicoU 400 in H2O) and 
loaded onto a 4% aciylamide gel (10 ml of lOX TBE buffer, 1 ml of 10% ammonium 
35 persulfate, 10 ml of 40% Bis Acrylanride 19:1, 50 ^1 of TEMED, and 79 ml of H2O) in 
IX TBE buffer (0.089 M Tiis. 0.089 M boric add, and 2 mM EDTA) and 
electrpphoresed for 90 minutes at 200 volts. After staining with ethidium bromide, 
DNA was visualized by UV fluorescence. 
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The results showed that the presence of each of these thiee probes at the various 
concentrations had no effect on the amount of anxplified product generated Sample 
lanes containing no probe showed discrete high intensity 350 base pair bands 
corresponding to the desired sequence. All lanes containing probe showed the same, as 
5 well as a few faint bands at slightly higher molecular weight Control lanes without 
template added showed no bands whatsoever at 350 bases, only lower intensity bands 
representing primer at 30-40 bases. 

After photographing, the gel was transferred onto Whatman paper, covered 
with Saran Wrap and autoradiographed. An overnight exposure revealed that 90-95% 
10 of the radiolabel was near the bottom of the gel, where probe or partially degraded 
probe would run. 

For the denaturing gel analysis, 2 |xl of each amplification reaction were mixed 
widi 2 Ml of formamide loading buffer (0.2 ml of 0.5 M EDTA pH 8, 10 mg of 
bromophenol blue, 10 mg of xylene cyanol, and 10 ml of formamide), then heated to 
15 96°C for 3-5 min and placed on ice. Samples were loaded onto a 6.2% denaturing 
gradient polyacrylamide gel (7 M urea with both a sucrose and a buffer gradient) 
according to the procedure of Sambrook £t fil., supra > The gel was electiophoresed for 
90 minutes at 2000 V, 45 W, then transferred onto Whatman pap^ and 
autoradiographed. 

20 Results from the denaturing gel indicated that about 50% of each probe was 

degraded into smaller labeled fragments. Approximately 50%-60% of the counts lie in 
die 30-40 base range, corresponding to undeigraded probe. A very faint band is visible 
at 300 bases for all the amplification reactions, suggesting that a very small percentage 
of the probes have lost, or never had, a 3 -PO4 group and have been extended. The 

25 remainder of the cotmts are in the range of zero to fifteen bases. The resolution on such 
a gel does not reveal the exact size of products, which can be better determined by 
homochromatography analysis. 

For a homochromatography analysis, 1 ^1 of each sample was spotted 1.2 cm 
apart onto a Polygram CEL 300 DEAE 20 x 20 cm cellulose thin layer plate, which was 

30 pre-spotted with 5 ^1 of sheared herring sperm DNA (150 |Xg/ml) and allowed to dry. 
After die sanople was dried, the plate was placed in a trough with distilled H2O, and the 
water allowed to migrate just above the sample loading area. The plate was then placed 
in a glass development tank containing filtered Homo-mix III (Jay £t fil-, 1979, Nuc. 
Acid 1(3):33 1-353), a solution of partially hydrolized RNA containing 7 M urea, 

35 in a70^C oven. The Homo-Mix was allowed to migrate by capillary action to the top of 
the plate, at which time the plate was removed, allowed to dry, covered with Saran 
Wrap, and ±en autoradiographed. 

An overnight exposure of the homochromatography plate also indicated tiiat 
about 40% of the probes were degraded into smaller fragments. These fragments were 
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very specific in size, depending upon the length of the 5' non-complementary tail of 
each probe. Rgure 1 shows an autoradiograph of the TLC plate. Probe BW31 (Lanes 
1-3), which was fully complementaiy to the M13mplOw template, generated labeled 
fragments predominandy one to two bases long. Probe BW33, (Lanes 4-6), containing 
5 a 5* 3 base non-complementary region, released products predominandy four to six 
bases long. BW3S (Lanes 7-9) had a 5' 10 base non-complementary tail and released 
products predominantly 12 to 13 bases in length. Lanes 10-12 are control reactions 
containing either BW31, BW33 or BW35 and all PCR components except template 
after 15 (^cles. During DNA synthesis, the enzyme displaced the first one or two 
10 paired bases encountered and then cut at that site, indicative of an endonuclease-like 
activi^. Hie results show specific probe release coordinately with product 
accumulation in PGR. 

Example 2 

Specificity of Probe Label Release 
15 The specificity of labeled probe release was examined by perfomdng a PGR 

amplification using bacteriophage lambda DNA and primers, and a series of 
non-complementary kinased probes. 

The region to be amplified was a 500 nucleotide region on bacteriophage 
lambda DNA fiom the GeneAmp® DNA Anq)lification Reagmt kit (Porkin-Elma' 
20 Cenis), flanked by primes PCROl and PCR02, also fit)m die GeneAmp® DNA kit. 
SEQ ID NO: 6 PC»01 = 5* 7131-7155 3" 

5'-GATGAGTrOGTGTCCXjTACAACTGG-3' 

SEQ ID NO: 7 PCR02 = 5' 7630-7606 3*; . 

5'-GGTTATCGAAATCAGCCACAGCXJCC-3* 

25 Aliquots of die same diree labeled probes BW31, BW33 and BW35 identified in 
Example I» were used, all of which w^ entirely non-con^lementaiy to the target 
sequence. 

For amplification of die 500 base pair region, 0.5 ng of target lambda DNA 
sequence (control Template, Lot #3269, 1 ^gAnl, dilute 1:10 in 10 mM Tris-HQ pH 

30 8.0, 1 mM EDTA, and 10 mM NaQ for stock) werg added to a 50 |il reaction volume 
containing 50 mM KQ, 10 mM Tris-HQ, pH 8.3, 3 mM Mga2, 1 HM each of 
primere PCROl (Lot #3355) and PCR02 (Lot #3268), 200 jiM each of four 
deoxynucleoside triphosphates, 1.25 units DNA polymerase, and either 2, 10 or 
20 pmol of isotopically diluted probe BW31, BW33 or BW35. The amount of 

35 radiolabeled probe was held constant to 0.4 pmol per reaction and diluted to 1 . 10 or 
20 pmol with nonradioactive probe. JsQ, DNA polymerase was added at 4 ^1 per 
reaction at 0.3125 units/^1 and diluted in 10 mM Tris-HQ pH 8.0, 50 mM KCl, 
0.1 mM EDTA, 0.5% NP40, 0.5% Tween 20, and 500 jig/ml gelatin. 



I 



»• 
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The master reaction mix was made as previously taught, along with the control 
reactions minus probe or minus enzyme. The reaction mixtures were amplified 
following the cycling condidons set fordi in Example IB and then analyzed as follows. 
For acrylamide gel analysis, 4 ^1 of each amplification reacdon mixed with 3 pi of 5X 
5 loading mix were loaded onto a 4% acrylamide gel in IX TBE buffer and 

electrophoresed for 90 minutes at 200 volts. After staining widi ethidium hrotnide, 
DNA was visualized by UV fluorescence. 

The results show that the presence of any probe at any concentradon has no 
efiea on the anK>unt of amplified product generated Sample control lanes containing 
10 no probe, and all lanes containing probe, showed a discrete high intensity SOD base pair 
band corresponding to the desired sequence. Cdntrol lanes with no enzyme added did 
not show any product bands but only low intensity bands representing primer and 
probe of approximately 30-40 nucleotides. 

The homochromatography analysis provided in Figure 2 shows an overnight 
IS exposure of the plate in which no degradation of die probes was observed. All of the 
counts were located at the point of origin, showing no release of labeled fiagments. 
Lanes 1 -3 are reactions containing probe BW3 1 ; Lanes 4-6 include probe B W33; 
Lanes 7-9 include probe BW35; and Lanes 10-12 are control reactions witiiout 
opiate. The results show diat the probe is not degraded unless specifically bound to 
20 target and is able to withstand die PGR cycling conditions. 

In die denaturing gel analysis, 2 ^1 of each azxiplification reaction were mixed 
with 2 pi of fonnamide loading buffer (described in Example I) and placed on a heat 
block at 96^C for 3-5 min. Sanq)les were immediately placed on ice and loaded onto a 
6.2% denaturing gradient acrylamide gel, and electrophoresed for 90 minutes at 
25 2000 volts. After electrophoresis, die gel was transferred onto Whatman paper, 
covered with Saran Wrap, and autoradiographed. 

An overnight exposure revealed all of the counts in the 30-40 base pair range, 
corresponding to the sizes of the probes. Once again, there was no probe degradation 
apparrat, further confirming that probe must be specifically bound to template before 
30 any degradation can occur. 
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S geQomic DNA. 

The BW33 kinased probe used in this experiment had a specific activity of 528 
X 10^ q)mi/^mol determined by TCA precipitation following the kinasing reaction. The 
region aiiQ)lified was the 350 base pair region of M13mplOw, flanked by primers 
BW36 and BW42. Primer sequences and locations are listed in Exanple 1. Human 
10 genomic DNA was from cell line HL60 and was used undegraded or degraded by 
shearing in a french press to an average size of 800 base pairs. 

Each 50 Ml amplification reaction consisted of 10-2 or 10-3 pmol of M13mpl0w 
target sequence, 1 \ig of either degraded or non-degraded HL60 genomic DNA added 
to a mixture containing 50 mM KQ, 10 mM Tris HQ, pH 8.3, 3 mM MgCla, 10 pmol 
15 each of primers BW36 and BW42, 200 JiM each of four deoxyribonucleoside 

triphosphates. 1.25 units Jssi DNA polymerase and 10 pmol of isotopically diluted 
probe BW33. 

A master reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, primers, probe, and enzyme. Aliquots were made 
20 and to them was addedM13mplOw template and/or genonuc DNA. Control reactions 
included all reaction coniponents except M13nq>10w target DNA or all reaction 
components except genomic DNA 

Each reaction mixture was overlayed with 50 pi of mineral oil, 
microcentrifuged, and placed into a tiiermal cycler. Reaction mixmres were subjected 
25 to the following axxq)lification scheme: 



30 After cycling, the mineral oil was extracted using 50 Jil of chloroform and samples 
were stored at 4**C. Samples were subsequentiy analyzed by a 4% araylamide gel 
electrophoresis, and homochromatography analysis. 

For the acrylamide gel analysis, 4 }xl of each reaction mixture were mixed with 
3 pi of 5X gel loading mix, loaded onto a 4% acrylamide gel in IX TBE buffer, and 

35 electrophoresed for 90 minutes at 220 volts. DNA was visualized by UV fluorescence 
after staiiung with ethidium bromide. 

In the lanes corresponding to control samples contaiiung no M13nq)10w target 
DNA, tiiere were no visible product bands, indicating the absence of any crossover 
contamination of M13mpl0w. All subsequent lanes showed a band at 350 bases 



Final cycle: 



For 10, 15 or 20 cycles: 



96°C denaturation, 1 min 
60°C anneal/extmsion, 1.5 min 
96X denaturation, 1 min 
60°C anneal/extension, 5.5 min 
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conesponding to the expected sequence. The intensity of the band was greater when 
IQ-^ pmol M13mplOw target DNA was presmt over 10-3 pmol in the absence or 
presence of genomic DNA (degraded or undegraded). The product band intensity 
. increased with increasing number of amplification cycles. Twenty cycles produced a 
5 band with twice the intensity of that seen at ten cycles, and fifteen cycles generated a 
band of intermediate intensity. The amount of PGR product present varied with the 
amount of starting target template and the number of cycles, and the presence of 1 ^g of 
human genomic DNA, whether degraded or undegraded, showed no effect at all on this 
product fonnation. 

10 In the honKx^hnnnatography analysis, 1 ^1 of each reaction mixture was spotted 

onto a DEAE thin layer plate, and placed in a develqiing chamber containing 
Homo-Mix m at 70^C After 90 minutes, the plate was removed, allowed to diy, 
covered with Saran Wrap, and autoradiographed An overnight exposure is shown in 
Figure 3; in Figure 3A, Lanes 1 to 6 show PGR reaction cycles in the absence of 

15 M13mplOw tenq)late DNA containing, alternately, degraded and undegraded HL60 
DNA at 10, IS, and 20 cycles; and Lanes 7-12 are duplicate loading control reactions 
containing M13mpl0w template DNA vidthout any human genomic DNA at 10, 15 and 
20 cycles. In Figure 3B, reactions are amplified over increasing 5 cycle incremmts 
starting at 10 cycles. The M13mplOw template DNA concentration in the reactions 

20 shown in Lanes 1, 2, 5, 6, 9, and 10 is 10-^ pmol, while in lanes 3, 4, 7, 8, 1 1, and 12 
is 10-3 pmol. The reactions shown in the odd numbered lanes fiom 1 through 1 1 
contain degraded human genomic DNA, and the even numbered lanes cmtain 
non-degraded human genomic DNA. Labeled probe fragments were seen as two 
well-defined spots migrating at approximately 4 and 5 bases in length on the thin layer 

25 plate. As the starting template concentration increased and/or as the cycle number 

increased, the amount of released labeled probe fragments also increased The presence 
or absence of degraded or non-degraded human genomic DNA did not interfere with or 
enhance probe hybridization and degradation. 

The results show that increased amounts of released small probe fragments 

30 occur coordinately and simultaneously with specific product accumulation during the 
course of a PGR assay. The presence or absence of either a large amount of high 
complexity human genomic DNA or a large number of random DNA "ends" has no 
effect on specific product accumulation or degree of probe release. Finally, the 
presence of a large amount of high complexity human genomic DNA does not lead to 

35 any detectable probe release in the absence of specif^c product accumulation. 
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th y Labeled Probe 



A PGR amplification was peifmned which liberated a hybridized 3' 
ladiolabeled probe into smaller fragments when the probe was annealed to template. 
5 The sequences of the probes were as follows: 
SEQIDNO:& DG46= 5' 5541-5512-3' 

5'-CXJCTCCGCXjTAACCACCACACCCGCCGCGC.3* 

SEQ ID NO: 9 BW32 = 5* 5541-5512-3' 

5'-gatCGCTGCGCGTAACCACCACACCCGCCGCGC-3' 

10 SEQ ID NO: 10 BW34 = 5' 5541-5512-3' 

5'-cgtcaccgatCGCTOCG0GTAACCACCACACCC^ 

A. Labeling of Probes with 32p.cordycepin and tenninaltransfei^ 

Five pmol of each probe (DG46, BW32, and B W34) were individually mixed 
with 17.4 units of terminal transferase (Stratagene) and 10 pmol of [a-32p]-coidycepin 

15 (cordycepin: 3'-deoxyadenosine-5' triphosphate. New England Nuclear, 5000 

O/mmol, diluted 3X with ddATP [Pharmacia]) in a 17.5 (il reaction volume containing 
100 mM potassium cacodylate, 25 mM Tris-HCl, pH 7.6, ImM CoQi, and 0.2 mM 
dithiothreitol for 60 minutes at 37^C The total volume was then phenol/chloroform 
©oracted and ethanol precipitated. Probes were lesuspended in 50 |il of TE buffer and 

20 run ov«* a Sephadex G-50 spin dialysis column according to the procedure of 

Samhrook, fit Molecular Cloning. sm&* Th« final concentration of probes was 0.1 
pmol/^L TCA precipitation of the reaction products indicated the following q)edfic 

activities: 

DG46: 2J3 x 106 cpnVpmol 

25 BW32: 1.78 x 10^ cpm/pmol 

BW34: 5.02 X 106 cpno^mol 
Denaturing gradient gel analysis comparison of tiie 3* radiolabeled probes to 5' kinased 
probes BW31, BW33 and BW35. show tiiat die 3' radiolabeled probes ran in a similar 
fashion to the 5' radiolabeled probes. 

30 Once again, the region amplified was the 350 base region on M13mplOw 

defined by primers BW36 and BW42. Primer sequences and locations are listed in 
Example 1. Each amplification mixture was prepared adding 10-3 pmol of the target 
M13mplOw DNA to a 50 ^1 reaction volume containing 50 mM KCl, 10 mM Tris HQ, 
pH 8.3, 3 mM MgCl2, 10 pmol each of primers BW36 and BW42, 200 jiM each of 

35 four deoxynucleoside triphosphates, 1.25 units of Tag DNA polymerase, and p-itiier 2, 
10. or 20 pmol of isotopically diluted probe DG46. BW32, or BW34. 

A master reaction mix was made containing appropriate amounts of reaction 
buffer, nucleoside triphosphates, template, and enzyme. Aliquots were made and to 



* 
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them was added the appropriate anx)unt of primers and pro^^ Control reactions 
included all reaction components except primers* and aU reaction components except 
probe. 

Reaction mixtures were overlaid with SO fxl of mineral oil, microcentrifuged, 
5 and placed into a themoal cycler. The amplification scheme was as follows: 

Fifteen cycles: 96*C denaturation, 1 nun 

60'C anneal/extension, 1.5 min 
Final cycle: 96*C denaturation, 1 min 

60X anneal/extension, 5.5 min 
10 After cycling, the mineral oil was extracted using 50 ^1 of chlorofomi, and samples 
were stored at 4''C. 

Samples were analyzed by a 4% aaylamide gel, an 8% denaturing gradient 
acrylamide gel, and by honrochromatography. For all three analyses, handling of 
reaction mixtures was as previously described. 
15 In the 4% acrylamide gel analysis, a sharp band comesponding to the desired 

product at 350 bases was visible in all of the reaction mixtures except control reactions 
minus primers. In all of the reaction mixtures containing both primers and probe, a 
second band was visible at approximately 300 bases. This second band became mart 
intense with increasing probe concentration, and probably corresponded to probe which 
20 was eitiier not efiidentiy 3* radiolabeled or lost tiie 3* label, allowing probe extension 
and generatimg a product 

An ovmiight exposure of the 8% denaturing gradient acrylamide gel showed a 
distribution of products ranging tern fuH size probe down to less than 15 bases with 
all three probes being run. As would be expected, the 5-3' nuclease activity of Tag 
25 DNA polymerase degraded tiie probe to a point where tiie degraded probe dissociated 
fix)m the template. 

The wide size distribution of products was illustrative of the continuously 
changing concentrations of reactants and temperature changes during PGR cycling. 
Such variations would lead to changes in annealing kinetics of probe and enzyme, 
30 allowing for probe to dissociate in a variety of sizes at different times in the cycling 
routine. 

The homochromatography plate revealed the smallest product to be about 10 to 
12 bases in lengtii for all the probes examined. Since all three probes had identical 
sequence except at die 5' tail region, this result shows that for this particular probe 
35 sequence at an anneal/ext»id tonperanire of dO^'C, the probe was degraded to about 10 
bases and then dissociated from the tenq}late. 
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Examples 

irinn Independent 5'-3' Nuclease Activity of Tag PNi 



Tag DNA polymerase was able to liberate die 5' 32p-labeled end of a hybridized 
probe when pontraned in proximity to that probe by an i^stieam primer. A series of 
5 primers was designed to lie from zero to tw«ity bases upstream of hybridized kinased 
probe BW33. These primers are shown below. 
BW37 SEQIDNCh 11 Delta-0 5' 5571-5542 3' 

5*-GCXjCTAGGGCX3CrGGCAAGTGTAGCGGTCA-3' 

BW38 SEQIDNO: 12 Ddta-l 5" 5572-5543 3' 
10 5'-GGCGCTAGGGCX5CTGGCAAGTGTAGCGGTC-3' 

BW39 SEQlDNa 13 Delta-2 5' 5573-5544 3' 

5'-GGGCGCTAGGGCGCTGGCAAGTGTAGCGGT-3' 

BW40 SEQ ID NO: 14 Delta-5 5' 5576-5547 3' 

5'-AGCX5GGCGCTAGGGCGCTGGCAAGTGTAGC-3' 

15 BW41 SEQIDNO: 15 Delta-10 5' 5581-5552 3' 

5*-AAAGOAGCGGGCGCTAGGGCGCTGGCAAGT-3' 

BW42 SEQIDNO: 16 Delta-20 5' 5591-5562 3' 

5*-GAAGAAAGCGAAAGGAGCX3GGOGCTAGGGC-3' 

About 0.5 pnxd t£ probe BW33 and 0 J pmol of one of eadi of the primos 
20 woe annealed to 0.5 pmol M13mplOw in a 10.5 (il reaction volume containing 50 mM 
KCl, 10 mM Tris-HQ, pH 8.3, and 3 mM Mga2. Control reaction mixtures 
contained dth^ 20 pM or 200 jiM each of four deoxynudeoside trqjhosphates. An 
a<^(^irinna1 primer, DG47, positioned 530 bases upstream fiom tiie probe was used. 
DG47 SEQIDNO: 17 Delta-530 5' 6041-6012 3' 
25 5-CGGCCAACGCGCGGGGAGAGGCGGTrTGCG-3' 

Reaction mixtures were heated to 98**C for 1 min and annealed at 60°C for 30 min. 
"Dibes were then microcoitrifiiged and placed in a water bath at 70°C . After ample time 
for reaction mixtures to equilibrate to temperature, 10, 5, 2.5, 1.25, or 0.3125 units of 
Tag DNA polymerase were added, and 4 jil aliquots were removed at 2, 5, and 10 
30 minutes. Enzyme was inactivated by adding 4 nl of 10 mM EDTA to each aliquot and 
placing at 4°C Reaction mixtures were examined by homodnomaiography analyns. 

Jn the homochrQmaK>graphy analysis, 1 pi of each sample was spotted aato 
DEAE cdldose dun kyer plates and placed into a devdopnoent chamber containing 

Homo-Mix IE at 70''C. Homo-Mix was allowed to migrate to die top of each plate, at 
35 which time the plates were removed, dried, covered witii Satan Wn^, and 
autoradiographed. Figure 4 shows die results of this ecpoiment 

In Hgure 4, Lanes 1 dirough 3 contain radiolabded oligonucleotide molecular 
size markers of 6, 8, 9, 10, 11, 12, and 13 nucleotides. Lanes 4-10 show reactions for 
Drimers BW37. BW38. BW39, BW40, BW41, BW42, and DG47, respectively, in die 
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absence of dNTP's. Lanes 1 1-24 show control reactions for all primers in the presence 
of 20 mM or 200 mM dNTP. 

In the absence of dNTPs, JaSi DNA polymerase generated labeled probe 
fiHgments using all of the primers with considerably less label being released as the 
5 primo'-probe spacing increased. This effea was seen at all the enzyme concentradbns 
examuied (0.312S U to 10 U/reaction) and all timepoints. The sizes of fragments 
released were the same» about two and three bases m length; however, the primary 
species varied depending upon which primer was added. The majoriQ^ species released 
by the delta zero and delta two primers was one base smaller than that released by the 
10 delta one, five, ten, and twenty primers. This nuclease activity was polymerizadon- 
independent and proximity-dependent 

In the presence of nucleoside triphosphates, the sizes of labeled probe 
fragments released, and the relative proportions of each, were identical for all the 
primers examined. Also, the sizes of products were larger by one to two bases when 
IS dNTPs were present It may be that while the enzyme was polymerizing, it had a 
"running start" and as it encountered hybridized probe, was sunultaneously displacing 
one to two bases and then cutting, thus generating a larger fragment 

There was no detectable diSmnct in amount of produa released when dNTPs 
were at 20 pM or 200 each and no significant differences were seen due to 
20 extension times or enzyme concentraticins in the presence of dNTPs. 

Example 6 

Example to niustrate the Natiire of Released 
Product Based on Pfobe Sequence at the 5' End 
The effect of strong or weak base pairing at the 5' complementaiy region of a 
25 probe on the size of released product was assessed. Two probes, BW50 and B W5 1 , 
were designed to contain either a GC- or an AT-ri^ 5' ccnnplementary region. BW50 
and BWS 1 woe coaquaed to probe BW33 used in Example V. 
SEQIDNO: 18 BW50 =5' 5521-5496 3' 

5'-taiCCCGCCGCX}CTrAATGCGCCGCTACA-3' 

30 SEQIDNO: 19 BWS 1 « 5" 5511-5481 3' 

5-gcaTrAATGCGCCGCTACAGGGCGCGTACrATGG.3' 
a,t,g,c = bases which are non-conipl«nentary to template strand 

BW50, BW51. and BW33 were labeled with 32p.ATP using polynucleotide 
kinase and had the following specific activities: 
35 BW50: 1.70 x 106 cpm/jpmol 

BW51: 2.22 x 106 cpm/^1 
BW33: 1.44 X 106 cpm/pmol 
The final concentration of all three probes was 0. 10 pmol/ul. . 
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Individually, 0.5 pmol of either probe BW50, BW51, or BW33 and 0,5 pmol 
of primer BW42 were annealed to 0.5 pmol of MlSmplOw in a 10.5 jil reaction 
volume containing 50niM KQ, 10 mM Tris HQ, pH 83, 3 mM Mga2, and 200 
each of four deo^ucleodde triphosphates. Control samples contained all reaction 
5 ccnnponents except ten^late. For the annealing stq), reaction mixtures were heated to 
98X for 1 minute and annealed at 60°C for 30 minutes. Tubes were dien 
microcentrifiiged and placed in a water bath at 50**C, eO'^C or 70^C After ample time 
for reaction mixtmes to equilibrate to tenq>eratui:e, 0.3125 units of laa DNA 
polymerase was added Four )il aliquots were removed at 1, 2, and 5 minutes. 

10 Reactions were inactivated by adding 4 ^1 of 10 mM EDTA to each aliquot and placing 
at 4°C. Samples were examined by homochtomatography analysis and the results are 
shown in Figures 5 and 6. 

Figure 5 shows the reactions containing die GC-rich probe. BW50. Lanes 1-3 
contain oligonucleotide molecular size markers of 6, 8, 9, 10, 1 1, 12, and 13 

15 nucleotides. Lanes 4-6 show extension reactions perfonned at 50°C for 1, 2, and 5 
minutes. Lanes 7-9 show extension reactions at 60^C for 1, 2, and 5 minutes. Lanes 
10-12 show reactions at 70^C for 1, 2, and 5 minutes. Lanes 13-15 are control 
reactions containing all components except template, incubated at 70^C for 1, 2, and 5 
minutes. 

20 Kgure 6 shows the reactions cdntaining the AT rich probe BW51. As in Figure 

5, Lanes 1-3 are oligonucleotide molecular size maricers of 6, 8, 9, 10, 11, 12, and 13 
nucleotides. Lanes 4-6 are extrasion reactions performed at 50°C for 1, 2 and 5 
minutes. Lanes 7-9 are reactions at 60^C at 1, 2, and 5 minutes. Lanes 10-12 are 
reactions at 70^C at 1, 2, and 5 minutes. Lanes 13-15 are control reactions contaiiung 

25 all con^x>nents except template, incubated at 70^C for 1, 2, and 5 minutes. 

The results demonstrate that the nature of probe label release was dependent on 
teoq^erature and base composition at the 5' end The more stable GC-rich probe BW50 
showed littie label release at 50°C (Hgune 5, Lanes 4-6) and increasmgly more at 60*'C 
figure 5, Lanes 7-9) and 70°C (Hgure 5, Lanes 10-12). The major products released 

30 were about 3-5 bases in length. BW51, which was AT-rich at the 5' end, showed as 
much label release at 50*C (Figure 6, Lanes 4-6) as was observed at the higher 
temperatures. In addition, the AT-rich probe generated larger-sized products than the 
GC-rich probe. The base coniposition of the AT-rich probe may giye the opportunity 
for a greater "breathing" edacity, and thus allow for more probe displacement before 

35 cutting, and at lower ten^eratures than the GC-rich probe. 
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Examplg 7 

HIV Capture Assay 

The following is an example of the use of a dual labeled probe containing biodn 
in a PGR to detect the presence of a target sequence. Two oligonucleoddes, B W73 and 
5 BW74, each complementaiy to a portion of the HIV genome, were synthesized with a 
biodn molecule attached at the 3* end of the oligonucleotide. The 5' end of each 
oligonucleotide was additionally labeled with 32p using polynucleotide kinase and 
gamma-32p.ATP. The two oligonucleotides PH7 and FH8 are also complimentary to 
the HIV genome, flank the region containing homology to the two probe 
10 oligonucleotides, and can serve as PGR primers defining a 142 base product The 
sequences of these oligonucleotides are shown below. 

SEQ ID NO: 20 BW73 = 32P43AGACCATCAATCACKJAACKrrGCAGAATGGGAT.Y 
SEQIDNO: 21 BW74= 32p.gtgGAGACCATCAATGACK3AAGCTGCAGAATGCKjAT-Y 
SEQ ID NO: 22 PH7 = AGTGGGGGGACATCAAGCAGCCATGCAAAT 
15 SEQ ID NO: 23 PH8 = TGCTATGTCAGTrcCCCTrGGTTCTCT 

In the sequmces/'Y^'is a biotin, and lower case letters indicate bases that are 
non-conq)lementaiy to the template strand. 

A set of 50 ^1 polymerase chain reactions was constmcted containing either 
BW73 or BW74, each doubly labeled, as probe oligonucleotides at 2 nM. 

20 Additionally, HIV template in the form of a plasmid clone was added at ddier 102 or 
103 copies per reaction, and primer oligonucleotides PH7 and PH8 were added at 0.4 
\M each, laa polymerase was added at 1.25 U per reaction and dNTPs at 200 
each. Each reaction was overlayed with 50 of oil, spun briefly in a miaocentrifuge 
to collea all liquids to die bottom of the mbe, and diennocycled between 9S^C and 

25 60*C, pausing for 60 seconds at each temperature, for 30, 35, or 40 cycles. At the 
conclusion of the tiiermocycling, each reaction was extracted with 50 ^1 of CHCI3 and 
die aqueous phase collected. 

Each reaction was analyzed for amplification by loading 3 ^1 onto aS% 
acrylamide electrophoresis gel and examined for the expected 142 base pair prcxiuct. 

30 Additionally, 1 ^1 of each reaction was examined by TLC homochromotography on 
DEAE cellulose plates. Finally, each reaction was further analyzed by contacting the 
remaining volume witii 25 |xl of a 10 mg/ml suspension of DYNABEADS M-280 
streptavidin labeled, supeq)aramagnetic, polystyrene beads. After reacting with the 
beads, the mixture was separated by filtration through a Costar Spin X centrifuge filter, 

35 the filtrate collected and the presence of released radiolabel detemiined. 

Figure 7 contains images of the two gels used and shows that 142 base pair 
product occurs in all reactions, with and without probe, and increases in amount both 
as starting template was increased from 10^ to 10^ copies and as thermocycling was 
continued fiom 30 to 35 and 40 cycles. 
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Rgure 8 is a composite of two autoradiograplis of the TLC analysis of aliquots 
of the PCRs and show that ladiolabd release occurs and inraeases in amount with both 
increase in starting template and with longer tfiermocyding. In the first TLC of PCRs 



starting copies of traq>late and lanes 7, 8, and 9 with 103 starting copies. Samples in 
lanes 4 and 7 were thermocycled for 30 cycles: in lanes 5 and 8 for 35 cycles; and in 
lanes 6 and 9 for 40 cycles. In the second TLC of PCRs using BW74, lanes 1 and 2 
are Ae radiolabeled 2 met and 3 mer, lanes 4, 5 , and 6 contain sanaples fixmi PCRs 

10 with 102 staning copies of tranplate thermocycled for 30, 35, and 40 cydss, 

req)ectively. and lanes 7, 8 and 9 with 103 copies of starting template Aermocycled for 
30, 35 and 40 cycles, respectively. The size of the released label is smaller witii 
BW73, which has no 5' non-conq)l«nentary bases, and larger wiA BW74, which has 
a 5' three base non-coinplementary extension. 

15 Each chiomatogram was additionally analyzed by two-dimaisi«ial radioisotope 

imaging using an Ambis counter. The results of Ambis counting and bead capture 
counting are shown in Table 1. The good agreranait in die two methods of measuring 
label release demonstrates die practicality of the use of labeled biotinylated probes and 
avidinylated beads in PCRs to determine product famoation. 

20 Table 1 



5 




Number 

of Cycles 



% of Label Released 
Ambis ^ptms 



25 



30 



BW73 



BW74 



102 copies 



103 copies 



102 copies 



103 copies 



30 
35 
40 
30 
35 
40 
30 
35 
40 
30 
35 
40 



6.9 10.8 

29.0 32.7 

47.2 47.2 

11.8 16.8 

35.6 39.3 
53.4 52.5 

8.3 7.9 

20.7 25.2 
43.2 48.3 
15.7 14.7 
32 37.7 
46 47.9 
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Examples 

Probe Labeling an d Solid Phase Extractant Methodology 
In one embodiment of the present invention, a separation step is employed after 
probe cleavage but prior to detemiination of the amount of cleaved probe to separate 
5 cleaved probe products from uncleaved probe. Two alternate separation methods are 
preferred: (1) the use of avidinylated or streptavidinylated magnetic particles to bind 
probes labeled at the 3'-end with biotin and at the 5'-end with a fluorophore; the 
magnetic particles bind both uncleaved probe and the 3'-fragment diat is the product of 
probe cleavage; and (2) the use of magnetic ion exchange particles that bind 
10 oligonucleotides but not mono- or dinucleotides that are typically labeled at the 5' -end 
with a fluorophore or ^^P. Various aspects of these alternate strategies are discussed 
below. 

A. Avidinylated Magnetic Particles 

The separation system involving 3'-biotinylated probes and magnetic 

15 avidinylated (or streptavidinylated) beads is carried out preferably with beads such as 
Dynabeads™ finom Dynal; these beads have a biotin binding capacity of approximately 
100 pmoles per SO ^1 of beads. Nonspecific adsorption is minimized by first oreating 
the beads with both Denhardt^s solution and carrier DNA. 

The probe for sueptavidin-hiotin separation methods requires a biotin moiety at 

20 the 3'-tenninus and a fluorophore at the 5'-tmninus. The 3'-biotin functions both as a 
ligand for separation by strq}tavidinylat6d (or avidinylated) beads and as a block to 
prevent the extension of probe during tiie amplification. Post-synthesis modifications 
can be simplified by extending each end of the probe with a different nucleophile; for 
instance, one can add an amine to the 3'-end for the addition of biotin and a blocked 

25 thiol at the S'-end for later addition of the fluorophore. The 3*-biotinylated probes can 
be prepared in a variety of ways; some of which are illustrated below. 

An NHS-active ester derivative of biotin can be added to the 3 '-amine of the 
probe by the reaction mechanism shown in Figure 9. The resulting linkage creates a 
secondary hydroxyl gamma to the amide carbonyl, which may result in instability 

30 during the repeated thermal cycling of a typical PCR. For instance, thermal cycling for 
40 cycles can rend^ as much as 6% of the initial probe added unable to bind to 
magnetic avidinylated particles. When the bond between the probe and the attached 
biotin breaks down as a result of tiierinal cycling, the probe can no longer be separated 
£rom the cleaved products and contributes to the bacjiground Although one can help 

35 overcome this problem by attaching more than one biotin to the probe, several alternate 
methods for attaching biotin to an oligonucleotide may yield more stable products. 

One can react biotin hydrazide with aldehydes generated from a 3*-ribose on die 
probe to yield a biotinylated oligonucleotide. For this strategy, the 3'-nucleotide of the 
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probe contains a ribose sugar in place of the deoxyribose sugar. During synthesis, the 
3'-ribose is attached to the soKd support by either its T- or 3'-0H. Following 
S3a)thesis, the completed oligonucleotide is released from the solid support, and the 
vicinal diols of the ribose are oxidized by sodium periodate (NaI04) to aldehydes that 
5 are then reacted with the biodn hydrazide, as shown in Hgure 10, and the product is 
reduced by sodium borohydride (NaBH^). However, the resulting biotinylated probe 
does not bind efiQciently to avidinylated magnetic pardcles. The use of biotin long 
chain hydrazide, a compound also shown in Figure 10, can solve this problem. 

One can attach the biotin to the probe during probe synthesis using a soluble 

10 biodn phosphoramidite, as shown in Figure 1 1 . The synthesis begins with a base 
attached to controlled porous glass (CPG), which is ultimately discarded. A 
phosphoramidite, which allows the genefadon of a 3*-phosphate on ammonium 
hydroxide depiotection of die synthetic oligonucleotide, is added The biotin 
phosphoramidite is then added, and the oligonucleotide synthesized is as shown in 

IS Figure 1 1, which also shows the final product. This method of attachment allows the 
use of S'-amine terminated oligonucleotides for the attachment of a fluorophore. The 
use of a 3'-amine for the attachment of biotin limits the chemistry of attachment of 
fluorophore to S'-tiuols. Utilization of a biotin phosphoramidite in which one of the 
biotin nitrogens is blocked may improve the synthesis of the biotin labeled probe. 

20 One can also use a commercial reagent that consists of biotin directiy attached to 

porous glass; the reagent is the starting substrate for probe synthesis and is shown in 
Figure 12. This metiiod of attachment allows the use of S'-amine terminated 
oligonucleotides for the attachment of a fluorophore. The use of a 3 '-amine for the 
attachment of biotin limits die chemisuy of attachment of fluorophore to 5'-thiols. 

25 Enzymatic methods of attachment of modified nucleotides tt> the S'-ends of 

oligonucleotides are also available, although limited in their gen^aliQr and practicality. 

B. Magnericlon Exchange Matrices 

One can use commercially available polyediyleneimine (PEI) matrices 
(cellulose-, silica-, and polyol polymer-based) particles to sq)arate cleaved fix>m 

30 uncleaved probe. For instance, Hydrophase PEI, Selectacel^ PEI, Bakerbond™ PEI, 
and Amicon PAE 300, 1000, and lOOOL are all commerdally available PEI matrices 
that give separation of uncleaved probe ft^om cleaved probe products. 

CommerciaUy available activated cellulose magnetic particles, such as Cortex 
MagaCell™ particles can be derivatized with PEIs of various lengths, such as PEI600, 

35 PEI1800, and PEI10,000, and at diffident molar ratios of PEI per gram of matrix. 
However, all sizes of oligonucleotides and coumarin-labeled oligonucleotides bind to 
magnetic cellulose and agarose beads whether or not they have been derivatized with 
PEI (the specificity seen with oligonucleotides on commercially available PEI matrices 
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is lost when one labels the oiigonucleotides widi coumarin). The addition of high 
concentrations of salt (2.0 M NaQ) or N-methyl pynolidone (10 to 20%) paitialiy 
increases the q>ecificiQr, and other cosolvents such as SDS, Brij 35, guanidine, and 
UTtSL can also be used to increase the specificity of binding. However, 8 M uiea 
5 provides efficient blocking of the nonspecific binding of coumarin labeled di- and tri* 
nucleotides to both Bakerbond™ PEI and magnetic Cortex™ PEI derivatized particles, 
although the use of N-substituted ureas may be more preferred. 

As noted above. Cortex Biochem sells a variety of activated cellulose coated 
magnetic particles that can be linked to PEL The most convenient of these is the 

10 penodate activated matrix. The protocol recommended by the manufacturer to attach 
amines to the penodate activated matrix, however, has several problems: the reaction of 
an amine with an aldehyde results in imines that are labile and can be hydrolyzed or 
reacted funher with amines; during the step to block remaining aldehydes by the 
addition of excess ethanolamine, the PEI can be displaced by ethanolamine, thus 

1 5 renx>ving the PEI from the mauix; during the conjugation reaction under basic 

conditions, aldol condensation can lead to reaction among the aldehyde groups, thereby 
resulting in aggregation of the particles; and reaction of aldehydes under basic 
conditions may result in free radicals that can attack the cellulose, and participate in a 
variety of reactions. 

20 To stabilize the imine, a reduction step (with NaBH4 and NaBHaCN) can be 

included; however, this step can result in the production of gas, a decrease in the mass 
of the particles, and particle agglutination. These unwanted effects may result from the 
production of free radicals. The complications resulting frcnn ccmjugaticMi to active 
aldehydes may be avoided through the use of epoxide chemistry. The resulting beta- 

25 hydroxyamines are stable and do not require reduction. In addition, because oxygen 
may participate in the generation of free radicals, the removal of oxygen from the 
system should minimize free radical formation, especially during the reduction step. In 
one synthesis of PEI derivatized cellulose coated magnetic particles, the ethanolamine 
blocking step was eliminated and the preparation purged overnight with helium prior to 

30 and during reduction with sodium cyanoborohydride. There was littie aggregation in 
the final preparation. 

Polyacrolein magnetic particles can be derivatized with both PEI600 and 
ethylene diamine, and the non-specific binvlmg of coumarin labeled di- and 
tiinucleotkies can be inhibited by high concentrations of NMP. The use of longer 

35 chained PEI polymers may mask nonspecific backbone interaction with small, 
coumarin labeled oligonucleotides. 

One important factor in selecting a magnetic matrix for use in the present 
method is the amount of background fluorescence contributed by the matrix. One 
strategy to minimize this background fluorescence is to select fluorophores with 
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excitation and emission maxima that minimally overlap the background fluorescence 
spectra of the buffer, matrix, and clinical samples. In addition, the fluorescent 
background may result finom die presrace of contaminants in the matrix diat might be 
removed by extensive pretreatment pnor to binding. 

5 r rhemistrv of Attachment oftheFluorophore to the Probe 

As noted above, the prefened label for the probe, regardless of separation 
strategy, is a fluorophore. There appears to be interaction between the oligonucleotide 
probe and die attached fluorophore- This interaction may be responsible for die 
reported quenching observed when fluorophores have been attached to 

10 oligonucleotides. One should selea fluorophores that minimally interact widi DNA 
when attadied to the S'-terminus of a nucleic acid. 

Three prefened fluorophores are 7-diethylamino-3-(4*-maleimidylphenyl)-4' 
mediyl coumarin (CPM), 6-(bromomethyl)fluorescein (BMP), Lucifer Yellow 
iodoacetamide (LYIA), and 5-(and 6-)carboxy-X-rhodamine succinimidyl ester, with 

15 CPM preferred due to several properties: large extinction coefficient, large quantum 
yield, low bleaching, and large Stokes shift. The fluorophore can be attached durough a 
thiol attached to the 5'-phosphate group of die probe, but in the case of CPM, diis 
process yields an aryl maleimide, which can be unstable under thermocycling 
conditions. 

20 A number of commercial instmments are available for analysis of fluorcscentiy 

labeled materials. For instance, die ABI Gene Analyzer can be used to analyze attomole 
quantities of DNA tagged widi fluorc^horcs such as ROX (6-carboxy-X-rhodamine), 
rhodamine-NHS, TAMRA (5/6-carboxytetramediyl rhodamine NHS), and FAM (5'- 
carboxyfluorcscein NHS). These compounds are attached to die probe by an amide 

25 bond dirough a 5'-alkylamine on die probe. Odier useful fluorophOTes include CNHS 
(7-aimno-4-methyl-coumarin-3-acetic acid, succinimidyl ester), which can also be 
attached through an amide bond. . 

Modifications may be necessary in the labeling process to achieve efSdent 
attachment of a given fluorophore to a particular oligonucleotide probe. For instance, 

30 die initial reaction between a 5*-amine terminated probe and 7-dietiiylaminocoumarin-3- 
carboxylate NHS ester was vwy inefficient The probe, which had been 
phosphorylated at die 3'-end to prevent extension of the probe during amplification, 
had significant secondary structure, one conformation of which placed the 5'-amine and 
die 3 '-phosphate in close enough proximity to foma a salt bridge. This stmcturc may 

35 have prevented die 5'-amine fit)m being available for reacting witii the NHS ester, dius 
causing die low yield of product. Addition of 25% N-mediylpyrrolidinone (NMP) 
markedly improved the efficiency of the reaction. 
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One can also use both a fluaroptioie and quenching agent to labd the probe. 
When the probe is intact, the fluorescence of the fluorophore is quenched by the 
quencher. During the present method, the probe is cleaved between the fluorophore 
and the quencher, allowing full expression of the fluorophore fluorescence. Quenching 
5 involves transfer of energy between the fluorophore and the quencher; the emission 
spectrum of the fluorophore and the absoipdon spectrum of the quencher must overlap. 
A preferred combination for this aspect of the invention is the fluorophore riiodamine 
590 and the quencher crystal violet 

One such probe is shown in Figure 13. The syndiesis of this construct requires 
10 attachment of a rhodamine derivative through a 5'-thiol and the attachment of the crystal 
violet through an amine extending from a thymidine two bases away. The separation of 
the two moieties by two phosphodiester bonds increases the chances for cleavage by 
the DNA polymerase between them. 

Initial attempts to attach the crystal violet by reaction between a lactone and 
IS amine were unsuccessful. The oystal violet was modified to generate an active acyl 
azide, shown in Hgure 14. This form of crystal violet was reacted with amine- 
modified DNA, and the desired product was purified on reverse phase HPLC. 

Attempts to react the ihodamine-X-maldmide group with the S'-thiol were 
unsuccessful. This was also the case when the rhodamine-X-maleimide was reacted 
20 prior to addition of the crystal violet. This may be because the deblocked S'-thiol reacts 
with the acrylamide double bond in the thymidine spacer arm (see Figure 13). An 
alternate method for the addition of an amine to the thymidine is shown in Figure 15. 

This example provides general guidance for attaching a biotin to the 3 '-end of 
an oligonucleotide probe and a fiuorophcne to the S'-end of an oligonucleotide probe. 
25 Those of skill in the art will recognize that a number of methods for such attachnients 
are known in the art and that the present invention is not limited by the particular 
method chosen to label the probe. 

Protocol for AmpliWaxZ il Mediated PGR with UNG and dUTP 

30 The PGR process can be improved witii respea to specifici^ of amplification 

by processes and reagents described more fully in PCT patent application Serial No. 
91/01039, filed February 15, 1991; U.S. patent application Serial No. 481,501, filed 
February 16, 1991; PCT patent application Serial No. PCTAJS 91/05210, filed July 
23, 1991; U.S. patent application Serial No. 609,137, filed November 2. 1990; and 

35 U.S. patent application Serial No. 557,517, filed July 24, 1990. The disclosures of 
these patent applications are incorporated herein by reference, and the following 
protocol demonstrates how these improved PGR methods can be used in conjunction 
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with the present method for superior results. All reagents can be purchased firom 
Perkin-Elmer Cetus Instruments (PEQ, Norwalk, CT). 

This protocol essentially involves three componrats: MicroAmp™ tubes 
containing dNTPs, primers, magnesium, and Tris that have been cov^ed with wax; 
5 Premix B to which is added AmpliTaq® DNA Polymerase and UNG (and is therefore 
called the Enzyme Mixture); and Pronix C to which are added the test sample and 
probe. The Enzyme Mixture and test sample with probe arc made and added above the 
wax layer. The tubes are then placed in aTC9600 thermocycler and thermocycled. 
The protocol below assumes a SO ^1 reacdon, with test samples of no more than 27 jil, 

10 and the target is HIV. 

The reagents are preferably supplied as follows. MicroAmp™ tubes containing 
12.5 ^lI of Premix A and one 12 mg AmpliWax™ PGR pellet per tube are prepared. 
Prraux A contains 1 jiM SK145 primer and 1 pM SK43 1 primer (neither primer is 
hiorinylated), 800 jiM dATP, 800 ^iM dGTP, 800 pM dCTP, 800 ^lM dUTP, 15 mM 

15 MgCl2, and 10 mM Tris-HCl, pH 8.3. The AmpliWax™ peUet consists of a 55'C- 
mdring parafBn (Aldrich Chemical Co.) containing 0.15% Tween 65, and die wax 
peflet and Premix A bottom layer are added together in a DNA-frce room. The wax 
pellet is then melted to form a vapor barrier on top. This barrier will retain its integrity 
when the tubes are stored at 4 to 25*C, and the PCR reagents below the barrier arc 

20 storage stable for mondis at 4'C There is no mixing of material added above the 

barrio until the wax is melted during the inidal stages of thomal cycling. Control mbes 
are identical but contain no primer. 

Premix B buffer contains 10 mM Tris-HQ, pH 8.3, and 50 mM KCl and is 
used for dilution of the enzymes AnopliTaq® DNA polymerase and UNG. About 2.6 

25 ^lofPremixB buffer are used per reaction. 

Premix C buffer is prepared as a lOX concentrate, which contains 105 mM Tris- 
HQ, pH 8.3, and 7 15 mM KQ and is added to the test DNA sample so that the final 
Tris and KQ concentrations in die final reaction are 10 mM and 50 mM, respectively. 
The probe is also added in tins layer, as well as carrier DNA, if any. Hplasmid 

30 controls are run, about 1 jig of human placental DNA (1 iig/^tl in 10 mM Tris, pH 8, 1 
mM EDTA, and 10 mM NaQ, which has been sheared, phenol/chloroform extracted, 
chloiof onn ^tracted, and ethanol precipitated) per reaction is usually added as carrier 
DNA. About 3.3 \il of die lOX stock of Premix C are added per reaction. 

The probe is prepared as a 5 nM stock and designated as 1X3 lOlC. Probe 

35 LGIOIC has a 3'-phosphate to prevent extension of die probe and a 7- 

diediylaminocouniarin-3-carboxylate attached to a 5'-amino aliphatic group or die 
oligonucleotide by an amide bond. The nucleotide sequence of the probe is shown 
below: 

SEQIDNO: 24 LGIOIC: 5'-GAGA<XATCAATGAGGAAGCrGCAGAATGGGAT 
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This probe should be stored at -20'C in the daik. 

AmpliTaq® DNA polymerase is provided at a stock concentration of 5 U/^1 
from PEQ, and UNG is provided at a stock concentradon of 1 U/^I from the same 
vendor. One can also run plasmid calibration samples* and for this purpose, die 
5 pieparadon of stock dilutions (copies/ml) of 300, 1,000; 3,000; 10,000; 30,000; 

100,000; and 1,000,000 widi GeneAmplimer'^ Positive Control DNA is helpful. TUs 
DNA consists of the HIVZ6 genome rearranged to intemipt the £Qi region, and so 
block infectivity, inserted into plasmid pBR322. 

Each final reaction will consist of 12.5 ^1 of Premix A; 2.6 pi of Premix B; 3.3 
10 ^1 of Piemix C; 2 ^1 of LGIOIC probe; 27 ^1 of test sample; 0.4 ^1 of AmpliTaq® 
DNA polymoase; and 2 ^1 of UNG yielding a final volume of 49.8 ^I. This mixture 
comprises 250 nM of each primer; 200 fiM of each dNTP; 3.75 mM MgQa; 50 mm 
KCl, 10 mM Tris-HCl, pH 8.3; 200 nM of probe; 2 units of UNG; and 2 units of 
polymerase. 

15 To run the reaction, one first prepares the Enzyme Mixture in a DNA*firee hood 

or room by mixing, per reaction, 2.6 ^1 of Premix B buffer, 0.4 |xl of AmpliTaq® DNA 
polynaerase, and 2 pi of UNG. For every 16 reactions that will be run, one should 
prepare oiough Enzyme Mixture for 1 8 reactions to ensure oiough matoiaL The 
Enzyme Mixture is then added to each MicroAmp'TM tube containing wax-covered 

20 Premix A over the wax in a DNA*fnee hood or room. A single sampler tip can suffice 
for all transfers, and 5 ^1 of Enzyme Mixture are added to each tube. 

In the sample preparation area, the Sanq)le Mixture is prepared by mixing, per 
reaction, 33 ^1 of lOX Premix C Buffer, 27 |il of sample (for quantification controls, 
add 10 pi of stock dilution and 17 pi of wata:)» and 2 pi of probe (carrier DNA, if any, 

25 is mixed with sample). Then, using a separate sampler tip for each transfer, add 32.3 
pi of Sample Mixture to eadi tube; the volume imbalance between die Enzyme Mixture 
and Sample Mixture assures complete mixing. One should also set up two control 
tubes lacking primers to serve as a measure of probe cleavage resulting finom themial 
cycling. This control typically contains l.CXX) copies of control template. In addition, 

30 one should set up a dilution series of plasmid to calibrate the assay. This calibration is 
typically in the range of 3 to 10,0(X) copies of HIV target per sample. After the above 
steps are completed, the tubes are capped and assembled into the TC96Q0 tray. 

The thermal cyclo* profile is as follows: 1 cycle of 50*C for 2 minutes; 5 cycles 
of 95'C for 10 seconds, 55*C for 10 seconds, and 72*C for 10 seconds; and 35 cycles 

35 of 90*C for 10 seconds, 60*C for 10 seconds, and 72*C for 10 seconds. When tiiermal 
cycling is complete, the tubes are removed from the TC96(X) and stored at -20*C, if 
necessary. Prolonged soaking of the tubes at above 70*C is not reconunended, and 
alkaline denaturation should not be employed. 
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A number of controls are useful, including a no-template control to deteraoine 
contamination of reaction mixtures as well as aii5)lificadon of nonspecific products that 
may result in probe cleavage and give nonspecific signals; a no-primer control to prove 
a measure of nonanq)lification related cleaveage of the probe that might contribute to 
5 background (one might also include some clinical samples in the tests to detect the 
presence of components that may result in probe cleavage); and quantitation controls. 

To remove PGR product fiom beneath die wax layer that will form after 

amplification uang the above protocol, one can withdraw sample after poking a 
saii5)lCT tip through the center of the wax layer, advandng the tip slowly witii gende 

1 0 pressure to minimize die chance that reaction mixture will spun past the tip and 
contaminate the lab. Steadying die sampler with one finger of the hand holding the 
reaction mbe greatiy increases control. Slim (gel-loading) sampler tips penetrate die 
wax especially well. A slicing motion rather than a poking motion also fecilitatcs 
penetration and helps to assure tiiat tiie tip will not be clogged witii wax. If the tip 

15 picks up a piece of wax, the wax can nonnaUy be dislodged by gentie rublring against 
the remaining wax. 

One can also fteeze the reaction tubes (e.g., in dry ice ethanol or ovanight in a 
freezer), thaw them, and spin briefly in a nucroftige (angle rotor). The wax layer will 
be heavily fractured, allowing sample insertion widiout any chance of clogging. Wax 

20 fi:agments can be wiped from the samjjler tip against the inner wall of the mbe. This 
method is especially convenient for positive displacement samplers, which often have 
tips so tfiick that direct penetration of tiie intact wax layer is hard. Hthcr of the above 
methods should exclude wax fixnn the wididrawn sample so completely that chloroform 
extraction is unnecessary* 

25 Although the foregoing invention has been described in some detail for the 

purpose of illustration, it will be obvious that changes and modifications may be 
practiced witiun die scope of the appended claims by tiiose of ordinary skill in the art 

Exaniplc 10 

Solid Phase Extraction with BakerbondZ !! PHI 
30 This example provides a protocol for san5)ling a PCR mixture in which die 

anQ)liGcation was canied out in the presence of a fluorescendy labeled (a coumarin 
derivative) probe according to the method of the present invention. 

The preparation of certain stock reagents facilitates practice of this protocoL 
One such reagent is Eppradorf tubes containing 50 mg of pre-washed Bafcerbond PEI 
35 matrix. The Bakerbond™ PEI can be obtained from J.T. Baker (product No. 7264-00) 
and is a silica based, 40 ^m particle size, 275 angstrom pore size. The matrix is 
prepared by washing first with water, then ethanol; then water, and then a mixture of 10 
mM Tris, pH 8.3. 50 mM KCl, 1 mM EDTA, 2 M NaQ, and 8 M uiea; and dien 
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equilibrated in 10 mM Tris. pH 8.3. 50 mM KCl 1 mM EDTA. 500 mM NaCl, and 8 
M urea. Following distribution^ 15 ^1 of water is added to each tube to keep the matrix 
hydxated. The tubes should be stored at 4'C. 

Binding buffer can also be prepared as a stoclc solution, and the composidon is 
5 10 mM Tris, pH 8, 500 mM NaCl, 50 mM KQ, 1 mM EDTA, and 8 M ui^a. The 
binding buffer should be stored at 4*C, although urea may precipitate at this 
teiiq>erature. The binding buffer can be warmed briefly before use to resuspend the 
urea« 

Certain equipment is useful in carrying out this protocol. During the binding 
10 stq), the tubes should be mixed to ktcp the matrix in suspension, and a Vortex Genie 2 
mixer (available from Hscher Scientific, Cat. No. 12-812, with the 60 micrombe 
holder. Cat. No. 12-812-B) is useful for this purpose. In addition, an Eppendorf 
microf uge, an Hitachi Model 2000 spectrofluorometer, and mioofluorimeter quartz 
cuvettes with 2 mm internal width and a 2.5 mm base path length (available from Stama 
15 Cells, Inc., No. 18F Q 10 nun 5) are also useful in carrying out this protocol. 

Appropriate controls should also be performed, and the binding step requires 
three controls. The control for background fluorescence involves the preparation of a 
sample that contains all components of the PCR amplification except probe. The 
ccHitrol sample should be processed identically as the actual test samples in that 20 ^1 
20 wiU be added to niaoix and die fluorescence present in the supernatant measured. This 
control provides a way to measure background fluorescence present in the matrix, 
binding buffer, and any of the coniponents in the PGR amplification mixture and also 
provides a measurement of the amount of fluorescence present in clinical samples. 
The second control provules a n^asurement for inadvertent probe breakdown 
25 and for the binding reaction and consists of a mock PCR amplification mixture that 
contains all of the components including probe but is not subjected to thermal cycling. 
The control sample should be processed identically as the actual test samples in that 
20 ^1 will be added to matrix and the fluorescence present in the supernatant measured. 
This control provides a way to measiwe the presence of probe breakdown oh storage as 
30 well as the efGciency of the binding reaction. If no breakdown occurred and if the 
binding reaction is complete, the fluorescence of the supematant following binding to 
the Bakerbond™ PEI should be similar to the background measured in the first control. 

The third control provides a way to measure the input anx>unt of probe. The 
sample prepared for the second control can be used for this measurement However, in 
35 this case. 20 |il are added to a tube containing 290 ^J of binding buffer without matrix. 
This control can be used to determine the input amount of probe. 

To begin the protocol, one first determines the number of binding tubes 
required; tiiis number is the sum of test samples and controls. The controls are a no- 
template control, a no-primer control, calibration condx)ls, and the first and second 
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controls discussed above. Controls can be done in triplicate. To each tube, one adds 

235 ^il of binding buffer 

One also prepares a tube K) measure the input by adding to an empty Eppendorf 
tube: 290 pi of binding buffer, which is equivalent to the volume in the mbes with 
5 matrix (235 \d of binding buffer. 15 \il of water, and 40 id contributed by matrix 
volume). The input amount determination can be done in triplicate. 

To the tubes containing matrix (the test samples and first and second controls), 
one adds 20 ^1 of sample. To the mbes containing buffer (fee third control), one adds 
20 pi of mock PGR amplification mixture. The mbes are then shaken on a Vortex 
10 Genie 2 mixer at a setting of 4 at room temperature for 30 minutes. The mbes arc then 
centrifuged in an Eppendorf microfuge (1 6,000 X g) for 5 minutes at room 
tempCTaturc. The upper 200 ^1 of supernatant from each mbe is removed witiiqut 
disturbing the pellet or niatrix present on the wall of the mbe and placed in a clean 
Eppendorf mbe. 

15 The fluorescence of the supernatant is measured on a Hitachi Model 2000 in the 

■ 

cuvettes indicated above. For probes labeled witii 7-diethylamino-3 (4*- 
maleimidophenyl)-4-methyl-coumarin, the spectrofluorometer is set as follows: PM 
voltage is 700 V; the excitation wavelengdi is 432 nm; die emission wavelength is 480 
nm; the excitation slit width is 10 nm; and tiie emission slit width is 20 nm. One should 
20 Trrinimiyf* exposure of Sample to exdtarion light; if the sanq)le is to remain in the 
spectrofluorometer for a prolonged period, the shutter should be closed 

The number of pmoles of probe cleaved is die most convenient way of 
assessing the amount pf signal. To assess the amount of signal, then, one first 
detomines Ae input signal fiom the tiiird control by the following calculation: 

25 ^Fluorescence Signal of Third Control -Fluo rescence Signal of Risl Control) X (3\0IZ0) 

10 pinoles 

In diis formula, die subtraction corrects for any background fluorescence in the test 
sample; 310y20 is tiie dilution factor, and 10 pmoles is tiie amount of probe added to the 
PGR amplifications. 

30 The amount of test sample signal is calculated by the following formula: 

Fluofescence Signal of Test Sample - Fluorescence Signal of First Control) x 310/20 

input Signal 

The above protocol can be modified according to die particular fluorophore used to 
label the probe and is merely illustrative of the invention. 
35 Figure 16 shows typical results and relation of signal to input target number for 

die present mediod using Bakerbond™ PEI solid phase extractant 
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GENERAL INFORMATION: 

(i) APPLICANT: Cetus fit ai- 

<ii) TITLE OF INVENTION: Homogeneous Assay System 
(ill) NUMBER OF SEQUENCES: 24 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Cetus Corporation 

(B) STREET: 1400 Fifty-Third Street 

(C) CITY: Emeryville 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 94608 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 800 Kb storage 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6.0.5 

(D) SOFTWARE: WordPerfect 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: August 6, 1991 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 563,758 

(B) FILING DATE: August 6, 1990 

(viii) ATTORNEY/ AGENT INFORMATION: 

<A) NAME: Kevin R. Kaster 

(B) REGISTRATION NUMBER: 32,704 

<C) REFERENCE /DOCKET NUMBER: 2528.1 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415) 420-3444 

(B) TELEFAX: (415) 658-5470 
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(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 bases 

(B) TYPE: nucleic acid 
5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
Cii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CCGATAGTTT GAGTTCTTCT ACTCAGGC 
10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GAAGAAAGCG AA?VGGAGCGG GCGCTAGGGC 
(2) INFORMATION FOR SEQ ID NO: 3: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGCTGCGCGT AACCACCACA CCCGCCGCGC X 31 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 37 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CCGCGCX 37 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGTCACCGAT C6CTGCGCGT AACCACCACA CCCGCCGCGC X 41 
10 (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GATGAGTTCG TGTCCGTACA ACTGG 25 
(2) INFORMATION FOR SEQ ID NO: 7: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
GGTTATCGAA ATCAGCCACA GCGCC 25 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CGCTGCGCGT AACCACCACA CCCGCCGCGC 30 



30 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CGC 33 
10 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4.0 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CGTCACCGAT CGCTCBGGCGT AACCACCACZA CCCGCCGCGC 40 
(2) INFORMATION FOR SEQ ID NO: 11: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GCGCTAGGGC GCTGGCAAGT GTAGCGGTCIA 30 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) .TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

3GCGCTAGGG CGCTGGC:AAG TGTAGCGGTC 30 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

<D) TOPOLOGY: linear 

(ii) MOLECULE. TYPE: Other Nucleic Acid 
(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 13 

GGGCGCTAGG GCGCTGGCAA GTGTAGCGGT 
10 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

AGCGGGCGCT AGGGCGCTGG CAAGTGTAGC 
(2) INFORMATION FOR SEQ ID NO: 15: 
20 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 
Co STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
AAAGGAGCGG GCGCTAGGGC GCTGGCAAGT 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Dt her. Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

CGGCCAACGC GCGGGGAGAG GCGGTTTGCG 30 
10 (2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TATCCCGCCG CGCTTAATGC GCCGCTACA 29 
(2) INFORMATION FOR SEQ ID NO: 19: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCATTAATGC GCCGCTACAG GGCGCGTACT ATGG 34 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

GAGACCATCA ATGAGGAAGC TGC^AGAATGG GAT 33 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

5 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21 

GTGGAGACCA TCAATGAGGA AGCTGCAGAA TGGGAT 
10 (2) INFORMATION FOR SEQ ID NO: 22:. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 
(B> TYPE: nucleic acid 
<C) STRANDEDNESS: single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 

AGTGGGGGGA CATCAAGCA6 CCATGCAAAT 
(2) INFORMATION FOR SEQ ID NO: 23: 
20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 
TGCTATGTCA GTTCCCCTTG GTTCTCT 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 
30 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid . 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GAGACCATCA ATGAG<5AAGC TGCAGAATGG GAT 
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We Claim 

1 . A process for the detection of a target nucleic add sequence in a sample, 

said process comprising: 

(a) contacting a sample comprising single-stranded nucleic adds widi an 

5 oligonucleotide contmning a sequence complementary to a region of die target nucleic 
add and a labeled oligonucleotide containing a sequence complementary to a second 
region of die same target nucleic add sequence strand, but not including the nucleic acid 
sequence defined by die first oligonucleotide, to create a mixmre of duplexes during 
hybridization conditions, wherein die duplexes comprise die target nucleic acid 
10 annealed to die first oligonucleotide and to die labded oligonucleotide such diat die 3' 
end of die first oUgonucleotidc is adjacent to die 5^ end of die labeled oligonucleotide; 

(b) maintaining die mixture of step (a) widi a template-dependent nucleic acid 
polymerase having a 5' to 3' nuclease activity under conditions sufficient to permit the 
5* to 3* nuclease activity of die poIymCTase to cleave the annealed, labeled 

15 oligonucleotide and release labeled fragments; and 

(c) detecting and/or measuring the release of labeled fragments. 

2 . Hie process of claim 1 wherein die 3' end of die first oUgonucleotidc in 
die annealed duplex of step (a) is adjacent die 5' end of an annealed, labeled 

20 oligonucleotide, having spacing effective to permit die release of labeled firagments in 
the absence of nucleic add polymerization. 

3 . The process of claim. 1 wherein the oligonuclieotides comprise 
deoxyribonucleotides. 

25 

4 . The process of daim 1 wherein die nucldc add polymerase is a DNA 
polymerase having a 5' to 3' nuclease activity. 

5 . The process of claim 1 wherein a nucleotide within the labded 
30 oligonucleotide is modified to control nuclease cleavage spedfidty. 

6 . The process of claim 1 wherein said labeled oligonucleotide comprises at 
least one label 

35 7 . The process of claim 1 wherein die labeled oligonucleotide comprises first 

and second labels wherein die first labd is separated fiom die second label by ? 
nuclease susceptible cleavage site. 



wo 92/02638 PCr/US91/0S571 

49 

8 . The process of claim 6 wherein the labeled oligonucleotide is labeled at the 
5' tenninus. 

9 • The process of claim 7 wherein the labeled oligonucleotide further 
5 comprises a tail of non-nucleic adds or a sequence of nucleotides which is 
non-complementary to the target nucleic acid sequence* 

10. The process of claim 9 wherein the label is attached to a nucleotide in the 
tail or non-complementaiy sequence. 

10 

1 L The process of claim 10 wherein the label is at tiie 5* temoinus and is 
separated from the sequence complementaiy to the target nucleic acid sequence by the 
tail or non-complementary sequence. 

12. The process of claim 1 performed under conditions sufficient to promote 
nucleic acid polymerization, wherein the release of labeled fragments occurs during 
extension of the first oligonucleotide. 

13. A polymerase chain reaction (PCR) amplification process for detecting a 
target nucleic acid sequence in a sample, said process comprising: 

(a) providing to a PCR assay containing said sample, at least one labeled 
oligonucleotide contaiiung a sequence conq)lanentary to a region of the target nucleic 
add, wherein said labded oligonucleotide anneals witiiin the target nucleic add 
sequence bounded by the oligonucleotide primers of step (b); 

(b) providing a set of oligonucleotide primers, wherein a first primer contains 
a sequence complementary to a region in one strand of the target nucleic add sequence 
and primes the synthesis of a complementary DNA strand, and a second primer 
contains a sequence complementary to a region in a second strand of the target nuddc 
add sequence and primes die syntiiesis of a complementary DNA surand; and wherein 
each oligonucleotide primer is selected to anneal to its complementary template 
upstream of any labeled oligonucleotide annealed to die same nucldc acid strand; 
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(c) amplifying the target nucleic acid sequence employing a nucleic acid 
polymerase having 5' to 3' nuclease activity as a template-dependent polymerizing 
agent under conditions which are peraiissive for PGR cycling steps of (i) annealing of 
primeis and labeled oUgonucleotide to a template nucleic acid sequence contained 
5 within the target sequence, and (ii) extending the primer wherein said nucleic acid 
polymerase syndiesizes a primer extension product while the 5* to 3' nuclease activity 
of the nucleic acid polymerase simultaneously releases labeled fiagments from the 
annealed duplexes comprising labeled oligonucleotide and its complementary template 
nucleic add sequences, tiieieby creating detectable labeled fragments; and 
10 (d) detecting and/or measuring tiie release of labeled fragments to determine 

die presence or absence of the target sequence in die sample. 

14. The PGR process of claim 13 wherein said nucleic acid polymerase is a 
thermostable enzyme. 

15 

15, The PGR process of claim 14 wherein said thermostable enzyme is the 
DNA polymerase from a Thermus species. 

16- ThePCRproc^ssofclaimlS wherein the 3' end of an annealed 
20 oUgonucleotide primer is adjacent the 5' end of die labeled oUgonucleotide annealed to 
the same nucleic acid strand. 

17, The PGR process of claim 16 wherein said labeled oUgonucleotide has a 
blocked 3* terminus to prevent extension by die nucleic acid polymerase. 

25 

18. The PGR process of claim 16 wherein die labeled oligonucleotide further 
comprises a sequence of one to about ten nucleotides which sequence is substantiaUy 
non-complementary to die target nucleic acid sequence. 

30 19. The PGR process of claim 13 wherein the labeled oUgonucleotide 

comprises first and second labels wherein die first label is separated from die second 
label by a nuclease susceptible cleavage site. 

20. The PGR process of claim 13 wherein a pair of labeled oUgonudeotides 
35 probes are provided in step (a). 
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21. The PGR process of claim 20 wherein said pair of labeled probes am 
different, non-overlapping regions of the same complementary nucleic add strand, 
whCTein the S' end of the second labeled probe is adjacent to the 3' end of the first 
labeled probe. 

22. The PGR. process of claim 1 8 wherein the label is attached to a nucleotide 
in the non-complementary sequence. 

23 . The PGR process of claim 22 wherein the label is at the 5' terminus and is 
separated from the complementary probe sequence by the non-complementary 
sequence. 

24. The PGR process of claim 1 3 wherein the oligonucleotide is labeled at the 
S' terminus. 

25. The PGR process of claim 17 who'ein the oligonucleotide is labeled at the 
blocked 3' terminus. 

26. ThePGRprocessof claim 13 wherein the label is attached to an internal 
20 sequence of the oligonucleodde. 

27. The PGR process of claim 13 wherein the label provides a signal 
propordonal to the number of target nucleic acid sequences amplified. 

25 28 . The PGR process of claim 13 wherein the label is a deoxyribonucleoside 

analog having signal-generating properties. 

29 . The PGR process of claim 13 wherein the labeled oligonucleotide 
comprises a pair of interactive signal-generating labels effectively positioned on the 

30 oligonucleotide to quench the generation of detectable signal, said labels being 

separated by a site within the oligonucleotide suscqptible to nuclease cleavage, thereby 
allowing, during primer extension, the 5' to 3' nuclease activity of the nucleic add 
polymerase to separate the first int^ctive signal-generating label firom the second 
interactive signal-generating label by cleaving at the susceptible site thereby yielding a 
35 detectable signal. 

30. The PGR process of claim 29 wherein said first label is a 
chemiluminescent substrate and said second label is a fluorophdre which interacts 
therewith. 
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31. The PGR process of claim 13 wherein the label of said oligonucleotide is 
attached through a spacer ann of sufficient length to permit the 5' to 3' nuclease activity 
of the nudeic add polymMase to release labeled fragments. 

32. The PGR process of daim 13 wherein the melting temperature (Tm) 
differential between the labeled oUgonucleotide and its' associated upstream 
oligonudeotide primer is effective to provide preferential binding of tiie labeled 
oligonucleotide during tiie annealing step of PGR cycles. 

33 . The PGR process of daim 32 whaein die Tm of the labded 
oUgonudeotide is as great as 40°G higher than die T„ of die upstream oUgonucleotide 

primer. 

15 34. The PGR process of daim 13 wherein the labded oligonudeotide 

fiagmMits conqjrise a mixture of mono-, di- and larger nucleotide fragments. 

» 

35 . The PGR process of claim 13 which further comprises separating labeled 
oUgonucleotide fragments fiom other components in the PGR mixture prior to detection 

20 of labeled fragments. 

36. The PCR process of claim 35 wherem tiie separation step uses size 
exclusion chromatography. 

25 37 . The PCR process of claim 35 wherein the labeled ftagments are separated 

from the PGR mixture by solid phase extraction. 

38. The PGR process of 37 wherein avidin or stteptavidin is attached to the 
solid phase and the labeled oligonucleotide further comprises a bound biotin molecule 
30 separated from the label by a nuclease susceptible cleavage site. 
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